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INTRODUCTION 
Posthodiplostomum minimum (MacCallum, 1921) is a strigeoid trematode 
of the family Diplostomatidae Poirier 1886. Adults of this species 
parasitize the intestine of piscivorous birds and the metacercarial 
stage is found in various freshwater fishes. The body of the adult 
consists of a distinct forebody and hindbody, the former containing a 
small round oral sucker, a weakly developed prepharynx, a strong 
muscular pharynx and a small acetabulum, posterior to which is a round 
tribocytic or holdfast organ. The hindbody contains two testes in 
tandem, the anterior being oval to elliptical and the posterior testis 
lobate to reniform. The ovary is located mediolaterally. Vitellaria 
occupy much of the hindbody and extend to various levels relative to 
the acetabulum. The uterus and ejaculatory duct join to form an 
hermaphroditic duct enclosed by a genital cone and surrounded by a 
prepuce. A copulatory bursa is present and the genital pore is terminal 
or slightly subterminal. Intrauterine eggs are generally few, rarely 
seen in excess of six. 
Two subspecies of £. minimum have been reported, based upon the 
ability of cercariae to penetrate and develop either in centrarchid 
or cyprinid fish hosts (Hoffman, 1958). 
Since Stunkard's report on intraspecific variation in 1957, 
several more recent experimental studies have shown that size, shape 
and position of various organs and structures in helminths may be 
considerably modified by the host. For many years, investigators such 
as Dubois (1944, 1955, 1968 and 1970) have delineated species of 
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strigeoids largely on the basis of host specificity. Recently, however, 
several investigators have shown that parasites can, indeed, develop 
within hosts that normally would be ecologically isolated from involve­
ment in normal life cycle of the parasite. 
The majority of the field work involved in this investigation was 
conducted during the spring and summers of 1971-1973 at the Iowa 
Lakeside Laboratory, West Lake Okoboji, Dickinson County, Iowa, where 
abundant naturally infected hosts were available. Most of the technical 
and experimental portions of this investigation were conducted at the 
Iowa State University of Science and Technology. 
Topics specifically investigated during this study include: 
(1) host-induced morphological variations of adult flukes, (2) a survey 
of naturally infected intermediate and definitive hosts, (3) ecological 
specificity and related considerations, (4) additional life cycle data, 
(5) comparative light and ultrastructural studies of organs of taxonomic 
importance and (6) extensive statistical analyses of morphological 
variations of adult P. minimum. 
3 
HISTORICAL REVIEW 
Early literature concerned with the taxonomy and development of 
minimum is confusing, principally because various cercariae and 
metacercariae have been associated with the adult stage. Two distinct 
subspecies or physiological strains, namely minimum minimum and 
2- minimum centrarchi, are now recognized. A general historical review 
of cercarial, metacercarial and adult stages is presented below. 
Life Cycle Stages 
Throughout the literature, five cercarial types have been reported 
and described as belonging to Posthodiplostomum minimum: Cercaria 
multicellulata. H. Miller, 1923, 1925; C_. physaei, Cort and Brooks, 
1928; £. 1 oui si ana, C. Miller, 1954; C^. minimum, J. Miller, 1954; 
and C^. paramultieel 1 ulata, Goodman, 1951. Because of the synonomy 
and inadequate descriptions of these cercarial types and because of 
reported differences in size, number and arrangement of their setae and 
spines, flame cell patterns, tail stem musculature and the presence 
or absence of caudal bodies, these reports must be viewed critically. 
Bedinger and Meade (1967) reported a sixth cercarial type (from Physa 
halei) said to be distinct from those reported above. Their study 
indicated that several physiological strains or subspecies of 2. minimum 
appear to exist. Because relationships of various cercariae and meta­
cercariae to the adult stage of £. minimum need further clarification, 
no subspecies designation was proposed for their specimen. 
4 
For additional history of cercarial types reported to be those of 
£. minimum and data concerning the problems of cercarial taxonomy, 
reference is made to papers by Ferguson (1943), Miller (1954) and 
Hoffman (1958). 
The neascus-type metacercaria of P^. minimum has been by far the 
most studied stage in its life cycle. It is this stage that is so 
often reported in fish-parasite surveys throughout the United States. 
Leidy (1856) reported Diplostomum cuti col a, the species presently 
known as Posthodiplostomum minimum, from the integument of fresh water 
fishes. Adult Diplostomum minimum (= P^. minimum) was first reported 
by MacCallum (1921) from the intestine of a great blue heron found 
dead at the Zoological Park in New York. Because of previous inadequate 
descriptions of the metacercaria of P^. minimum, Agersborg (1926) 
described metacercariae from the blunt-nosed minnow as Diplostomum 
van cleavi, but in his description confused anterior and posterior 
ends. Hughes (1928) redescribed this form as Neascus van cleavi. 
In 1936, Noble renamed the adult Neodiplostomum orchilongum based 
on studies of specimens from the intestine of a great blue heron and 
which he considered as representing a new species. Dubois (1936), 
in a taxonomic study of the Strigeida, established the genus 
Posthodiplostomum and included in it members of the Diplostomatidae 
parasitic in birds of the family Ardeidae. He also reduced D^. minimum 
to synonomy with Posthodiplostomum minimum. In 1937, Ferguson 
considered f^. orchil ongum as a synonym of P^. minimum, an opinion 
confirmed by Dubois in 1938 in his monograph on the Strigeida. 
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The first report of possible host specificity of subspecies or 
of physiological strains of 2- minimum was that of Klak (1940) who 
found metacercariae developing in two separate lines of fish, the 
Cyprinidae and Centrarchldae. Ferguson (1943) reconfirmed Klak's 
investigation and suggested that the taxonomic confusion surrounding 
P^. minimum could be resolved only through experimental and 
morphological studies. 
In summary, the synonyms reported for the adult fluke now considered 
to be Posthodiplostomum minimum are as follows: 
Diplostomum minimum MacCa11 urn, 1921 
Neodiplostomum minimum (MacCallum, 1921) Dubois, 1935 
Posthodiplostomum minimum (MacCallum, 1921) Dubois, 1935 
Neodiplostomum orchilonqum Noble, 1936 
Posthodiplostomum orchilongum (Noble, 1936) Dubois, 1937 
Diplostomum van cleavi Agersborg, 1925 
ninTnsfnmwm riitirnla Leidy, 1856 
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MATERIALS AND METHODS 
The lakes region of northwest Iowa is an area rich in conditions 
requisite for the production of both snail and fish intermediate hosts 
of Posthodiplostomum minimum. It also serves as both a feeding and 
nesting area for piscivorous avian hosts needed in maintaining the life 
cycle of P^. minimum. Fish, amphibian, reptilian, avian and mammalian 
hosts used in experimental studies were taken from this area during 
1971-1973. Additional hosts were acquired from local commercial 
hatcheries, from the Department of Genetics, and from the Department 
of Zoology and Entomology at Iowa State University. 
Intermediate Hosts 
Naturally infected snails (Physa gyrina and Lymnaea reflexa) 
were collected from Miller's Bay marsh, Iowa Lakeside Laboratory, 
Dickinson County, Iowa (Plate II). Snails were maintained in one 
gallon glass aquaria containing either artificial spring water (Ulmer; 
1970) or in doubly filtered lake water. A diet of fresh lettuce, 
commercial fish food and crushed oyster shells was provided. 
Laboratory reared snails were maintained under similar conditions. 
Fifth generation laboratory reared Physa gyrina and Lymnaea reflexa 
were used for experimental studies. 
Routine laboratory methods were utilized in isolation, examination 
and identification of snails shedding larval stages of minimum. 
Snails were segregated by species and placed in 4 inch round culture 
dishes (5 snails/dish) containing filtered lake water. Dishes were 
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examined twice daily for the presence of emerged 2- minimum cercariae. 
Snails shedding such cercariae were isolated and transferred to one 
gallon aquaria. Non-shedding snails were either crushed and examined 
for developing sporocysts or placed in holding tanks for collection of 
egg masses to be used in the laboratory rearing of snails. 
Sunfish (Lepomis gibbosus and Lepomis macrochirus) used for this 
study were collected from either East or West Lake Okoboji. Naturally 
infected sunfish were collected from Miller's Bay (West Lake Okoboji) 
with the aid of a seine or hook and line. Additional specimens, 
collected with the aid of a hoop net were provided by the Iowa State 
Conservation Commission. All sunfish were transferred from a 20 
gallon field container to large aquaria (50-100 gallons) within one 
hour after collection. Fish were maintained in doubly filtered lake 
water under constant aeration. A diet of earthworms and commercially 
prepared fish food was fed to all fish each morning. 
Fish (Table 3). used in surveying the extent of infection 
rate of £. minimum in West Lake Okoboji, were also collected by the 
Iowa State Conservation Commission during late spring and early summer 
(1972-1972) as well as by spear gun throughout the summer. Once 
collected, fish were held in 50 gallon aquaria and examined within 
56 hours. 
Forty-one sunfish (j_. gibbosus and I. macrochirus) seined from 
East Lake Okoboji (in a region known to be free from molluscan inter­
mediate hosts) were used as a source of fish free from 2- minimum 
infection. Careful examination of 19 of these sunfish indicated a 
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complete absence of P^. minimum metacercariae. The remaining 22 sunfish 
were maintained in a 100 gallon aquarium filled with flowing doubly 
filtered lake water under constant aeration. Water temperature was 
gradually lowered to 38F which aided in retarding fungal infections 
of the sunfish as well as in reducing the amount of commercial food 
needed to maintain these hosts. 
Definitive Hosts 
All definitive hosts used in this investigation were either 
collected from the wild or were laboratory reared. In preliminary 
controlled experiments, hosts were collected from the wild and held in 
the laboratory for at least 15 days or more. Fecal smears were made 
of all hosts to determine if an infection of P^. minimum existed. Hosts 
whose fecal examinations were negative were then fed livers from sun­
fish infected with metacercariae (neascue-type) of P,. minimum. 
Four classes of vertebrates (Amphibia, Reptilia, Aves and 
Mammalia) were used as definitive hosts in this study (Table 1) 
and were collected in the vicinity of Iowa Lakeside Laboratory. In 
preliminary investigations, hosts were fed livers from sunfish con­
taining naturally infected metacercariae of P^. minimum. In 
additional experiments, definitive hosts were fed portions of sunfish 
livers which had been experimentally infected with laboratory developed 
£. minimum metacercariae. Once exposed, hosts were isolated in 
appropriate cages and given only water. 
Amphibian hosts included specimens of Ambystoma tigrinum, Rana 
pi piens and Bufo americanus which had been collected by net and held 
9 
in the laboratory for over 40 days before being force fed infected 
sunfish livers containing over 100 naturally acquired Posthodiplostomum 
minimum metacercariae. Two laboratory reared urodele amphibians 
(Eurycea bislineata and Ambystoma tiqrinum) were used for experimental 
infections. Both £. bislineata and A. tiqrinum were acquired from 
colonies maintained at the Department of Zoology and Entomology, Iowa 
State University. Two anuran amphibians (Rana pi pi ens and Bufo 
americana), used for experimental infections, were obtained from 
commercial dealers and kept in the laboratory 90 days before being 
fed experimentally grown metacercariae of minimum. Fecal material 
was examined for eggs to determine the presence of a previous infection 
of P^. minimum. All hosts shown to be negative for trematode eggs were 
used for experimental feedings. All amphibians were main­
tained in a 20 gallon aquarium partially filled with artificial spring 
water and fed laboratory reared meal worms (Tenebrio molitor) larvae. 
Reptilian hosts included snakes (Thamnophis radix and Thamnophis 
sirtalis) and turtles (Chrysemys pi eta) collected from marshes and 
lakes and were held in the laboratory for 40 days before being force 
fed metacercariae of 2- minimum. Naturally acquired hosts were allowed 
to feed freely on laboratory reared meal worms and commercially 
purchased earthworms. Three species of laboratory reared reptilian 
hosts were used for experimental feedings: Chrysemys pi eta, acquired 
from colonies maintained at the Department of Zoology and Entomology, 
Iowa State University; Thamnophis radix taken previously from a gravid 
female and Iguana iguana purchased from a commercial dealer. All 
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experimentally reared reptilian hosts were allowed to feed on 
laboratory reared meal worms (larvae and adults) until force fed 
experimentally developed metacercariae of minimum. 
Wild birds were collected by mist net or by walk-in traps from 
areas surrounding Lakeside Laboratory. Several domestic varieties 
were acquired from commercial hatcheries or from the Department of 
Genetics at Iowa State University. A great number of such hosts 
(Table 8) used for experimental feedings were maintained on a 
variety of crushed grains and water for at least 15 days after capture 
and before experiments were undertaken. Wild nestlings as well as 
hatchery acquired day old cockerel chickens were fed metacercariae 
of £. minimum (from naturally infected fish hosts) within 48 hours 
after hatching. For comparative purposes, adult 2- minimum were 
collected from several adult piscivorous avian hosts (Larus 
delawarensis and Sterna forsteri), from Miller's Bay. 
Experimental avian hosts were obtained in several ways. Some 
(Larus arqentatus and Meleaqris qallapavo) were hatched from eggs ; 
others (Gallus domesticus) were purchased from a commercial hatchery; 
Columba livia and Streptopelia risoria were acquired from the Depart­
ment of Genetics, Iowa State University. Walk-in traps provided 
specimens of Quiseal us quiscula, Ri chmondena cardinal is and Zenaidura 
macroura. All birds collected in the wild were held in the laboratory 
for 15 days before feeding experiments were begun and were fed a 
variety of crushed grains and water. 
Mammalian hosts were collected by the use of Sherman live traps 
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or by walk-in traps from areas surrounding Lakeside Laboratory. Once 
trapped, all hosts were maintained in appropriate cages and held in 
the laboratory for 30 days where they were examined periodically for 
the presence of minimum eggs. All uninfected hosts were then force 
fed metacercariae of £. minimum. 
Laboratory reared mammalian hosts included Canis familiaris, 
Felis catus. Meriones unquiculatus, Oryctolaqus cunicuius. Mus musculus 
and Citellus tridecemlineatus. 
Experimental Infections 
In preliminary experiments, definitive hosts were force fed sunfish 
livers naturally infected with over 100 metacercariae of P^. minimum. 
Once fed, all hosts were maintained in appropriate cages or aquaria and 
fed only water. After a suitable developmental period of 22-96 hours, 
these hosts were examined for the presence of P^. minimum adults, using 
standard routine laboratory methods. 
Three eggs of Posthodiplostomum minimum, obtained from a single 
gravid worm in an experimentally infected chicken 48 hours post 
exposure, were placed in an embryological watch glass with millipore-
filtered lake water. Hatching of the miracidia occurred 20-21 days 
later. 
A single miracidium was exposed to a laboratory reared Physa 
gyrina and penetration was observed with the aid of a binocular 
dissecting microscope. This snail was isolated in a one gallon aquarium 
and maintained as previously stated. Shedding of cercariae took place 
approximately 48 days post penetration. Twice daily for 10 days. 
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contents of the one gallon aquarium were poured into an aquarium 
containing laboratory maintained sunfish (mentioned above). Sunfish 
were then maintained at room temperature for 45 days after which the 
temperature of the water was gradually reduced to 38F. These sunfish 
livers served as the source of metacercariae for subsequent experi­
mental feedings to definitive hosts during summer and fall of 1973. 
Gravid Posthodiplostomum minimum from such experimental feedings 
provided eggs for maintenance of the life cycle in the laboratory. 
All definitive hosts which had been exposed to laboratory 
developed metacercariae were autopsied 49 to 96 hours post infection. 
Adult worms so obtained were washed in the appropriate Ringer's 
solution and were prepared for light microscopy, scanning or direct 
electron microscopy. 
Microscopy 
All material fixed and stained for light microscopy was examined 
on an AO Spencer Phase Microscope with the aid of an AO Orthoilluminator. 
Photomicrographs were made using a 35mm Leitz cameraback and a Honeywell 
MP-3 4x5 cameraback. Line drawings were made with the aid of a Leitz 
microprojector. 
Specimens for wholemount preparation were doubly washed in the 
appropriate Ringer's solution and fixed in warmed 10% neutral buffered 
formalin solution. Specimens were then dehydrated in ethanol, stained 
in Mayer's paracarmine, counterstained with fast green, cleared in 
methyl salicylate and mounted in Permount. In no instances were 
specimens flattened with coverslip pressure. 
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All worms were accurately measured with a calibrated ocular 
micrometer. 
Specimens for direct electron microscopy were prepared according 
to methods published by Lumsden (1970). A tissue buffer solution 
used for cellular preservation consisted of a 0.1 M phosphate buffer. 
Worms were embedded in Epon 812 modified from Luffs 1:1 mixture 
(9.0 ml Epon 812; 6.7 ml NMA; 2.5 ml DDSA and 0.3 ml DMP). After 
hardening, specimens were sectioned with either a glass or diamond 
knife on a Reichart 0MU2 ultramicrotome. Sections were placed on a 
bare copper grid and doubly stained in 20% aqueous uranyl acetate solution 
for 30 minutes and then in lead citrate for 3-5 minutes. Sectioned 
and stained specimens were examined on a Hitachi HS-8 electron 
microscope operating at an accelerating voltage of 50KV. All 
photomicrographs were recorded on DuPont Cronar negative film. 
Specimens to be examined by scanning electron microscopy were 
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1.0 ml of saturated mercuric chloride) for one minute at OC. All 
specimens were then washed in distilled water 3 times at 15 minute 
intervals. Entire specimens were rapidly dehydrated in ethanol 
using critical point drying techniques as described by Hearle, 
Sparrow and Cross (1972), Cohen and Shaykh (1973), Polliack, Lampen 
and de Harven (1973), and Lewis and Nemanic (1973). 
Dried specimens were then affixed by electrically conductive 
aluminum paint to cleaned brass plates and secondarily affixed to 
brass specimen holders. Specimens were initially coated with carbon 
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and were subsequently given a double coat of gold-palladiur. All 
specimens coating was done with the aid of an Edwards vacuum 
evaporator. Coated specimens were viewed and photographed on a 
Jeolco JSM-Sl scanning electron microscope at an accelerating 
voltage of either 4 or 10 KV. All micrographs were recorded on 
Kodak Ektapan 4162 negative film and developed in a mixture of 6 
parts Kodak D-76 and 1 part Kodak D-19 for maximum resolution and 
negative contrast. 
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SUMMARY OF LIFE CYCLE 
Essential features of the life cycle of Posthodiplostomum minimum 
have been described by Hunter and Hunter (1940), Klak (1940), Miller 
(1954), Hoffman (1958) and Avault and Smitherman (1965). 
Adult Posthodiplostomum minimum are commonly found in the small 
intestine of piscivorous birds of the order Ardeidae. Unembryonated 
operculate eggs are shed in the feces of the definitive host and 
hatch in about 21 days (Ferguson, 1938). Miracidia penetrate the 
integument of the first intermediate host, a physid snail. Within 
the gonads and hepatopancreas of this host, mother and daughter 
sporocysts are produced and within four to five weeks, monostomate, 
apharyngeate, longi'furcocercous cercariae emerge (Hunter, 
1937; Ferguson, 1938). At least two morphologically identical but 
physiologically distinct strains of cercariae exist, namely: 
K minimum centrarchi and JP. minimum minimum (Hoffman, 1958). Although 
both strains develop in physid intermediate hosts and piscivorous bird 
definitive hosts, they differ in their ability to develop into 
neascus-type metacercariae within the second intermediate fish host. 
Cercariae of P^. minimum centrarchi develop in sunfish (centrarchids) 
and those of P^. minimum minimum develop in minnows (cyprinids). 
Metacercariae of either strain develop in most visceral organs but 
are especially abundant in the liver, spleen, heart, kidney and blood 
vessels (Plate IV). Metacercariae of various cyprinid and centrarchid fish 
become infective within 40 days, and upon ingestion by a suitable 
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definitive host develop into gravid adults within 32-38 hours. Worms 
actively shed their eggs for about 6 days before being expelled from 
the intestine. 
ADDITIONAL LIFE CYCLE DATA 
Adult worms recovered during this investigation were derived from 
two sources, namely: (1) sunfish livers naturally infected with 
metacercariae of 2- minimum and (2) feeding sunfish livers experimentally 
infected with metacercariae of 2- minimum to experimentally reared 
definitive hosts. In all experiments, intermediate and definitive 
hosts were infected with life cycle stages derived from one of the 
above sources of P.. minimum. In this study, the former source will be 
considered the natural line; the latter, the experimental line. 
Natural Line of Infection 
Beginning June, 1971, and continuing to January, 1974, detailed 
experimental feedings as well as examination of local vertebrate hosts, 
were carried out at Iowa Lakeside Laboratory and the Iowa State 
University. During this period, well over 250 possible amphibian, 
reptilian, avian and mammalian definitive hosts of the West Lake 
Okoboji region were examined and two new species of natural avian hosts 
for adult P^. minimum were recorded (Palmieri, 1973). In toto, 114 
vertebrate hosts were fed naturally infected sunfish livers containing 
metacercariae of minimum and 60 proved to be suitable hosts for 
adult worms (Table 4). In no cases were adult P.. minimum recovered 
from fish hosts, although after 96 hours of exposure, actively moving 
encysted metacercariae were still found within the intestine of 12 
of 32 exposed piscine hosts (Table 5). For a complete listing of all 
vertebrate hosts, host classes, age of infection with 2- minimum, host 
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sex, number and sexual maturity of adult worms, as well as data on 
subsequent laboratory maintenance of the life cycle, see Tables 6-9. 
Natural snail populations in the Miller's Bay marsh area include 
two species of snails (Physa gyrina and Lymnaea reflexa) capable of 
producing cercariae of Posthodiplostomum minimum similar to those 
reported by Miller (1954). Studies were undertaken to determine the 
times required for hatching of minimum eggs as well as to ascertain 
the most suitable molluscan host or hosts for development of the larval 
stages of this fluke. 
Several day old chickens were fed livers infected with neascus-
type metacercariae of minimum (over 2,000 metacercariae per chicken) 
and fecal samples were checked periodically for the presence of eggs. 
When 2- minimum eggs were recovered in the feces, cockerels were 
dissected and fluke eggs collected from both gut and fecal materials. 
Several hundred eggs were washed and isolated in small embryological 
watch glasses and covered with filtered lake water. Eggs 
were incubated at room temperature and were observed four times daily 
for the presence of hatched miracidia. Hatching took place 
beginning day 21 and continuing through day 24. Durwg the same period, 
additional eggs of P^. minimum were placed in two one-gallon aquaria 
(over 500 eggs per aquaria), one containing 12 laboratory raised 
2- gyrina and the other, a similar number of laboratory reared 
U reflexa. Aquaria were checked daily for the presence of cercariae. 
Emergence of cercariae from £. gyrina began on day 47 and on day 58 
from l_. reflexa. Because more cercariae emerged from P^. gyri na and 
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appeared better developed in this molluscan host, qyrina was employed 
as the experimental first intermediate host. 
As previously stated, two lines of minimum exist, one line 
found in centrarchid fish and another in cyprinid fish. Examination 
of sunfish from Miller's Bay indicated that all specimens collected 
were positive for metacercariae of P^. minimum (Table 3). Fry 
usually demonstrate a lighter infection rate (100-500 metacercariae), 
whereas older fish commonly contain from 500 to 2,000 metacercariae. 
The intensity of infection of the sunfish in Miller's Bay appears to be 
due to size of the fish rather than to density of snails shedding 
cercariae of 2- minimum. This fact confirms similar earlier reports 
by Klak (1940), Hoffman (1953, 1958), Colley and Olson (1963) and 
Avault and Allison (1965). In detailed examinations of the viscera, 
the liver appears to be the most heavily infected organ, but spleen, 
heart, kidney, mesentaries and the surface of major blood vessels also 
are sites of encystation of P^. minimum metacercariae. In no other 
fish examined from Miller's Bay (Table 3) were metacercariae of 
P^. minimum ever found. This evidence clearly shows sunfish to be the 
major source for natural infections of £. minimum in piscivorous 
birds (Table 2) of the Okoboji region. This finding strongly supports 
statements by Klak (1940), Hunter and Hunter (1940), Ferguson (1943), 
Hoffman (1960) and Bedinger and Meade (1967) that a distinct 
centrarchid line of £. minimum does indeed exist. 
Exposure of livers of sunfish containing naturally infected 
metacercariae of 2- minimum to a variety of vertebrate hosts 
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(Tables 4-9) were carried out beginning June, 1971, and ending July, 
1973 (Palmieri, 1973). Mature and gravid adult worms of P^. minimum 
were recovered from 60 out of 114 hosts which had been fed such livers 
(Table 4). These experimental feedings established 21 new experimental 
host records including 34 individual species representing 15 orders 
within 4 classes of vertebrates (Table 1). 
During examination of the vertebrates inhabiting the Miller's Bay 
area, two gulls (Larus delawarensis) and one tern (Sterna forsteri) 
were found to be naturally infected with mature or gravid adult 
Posthodiplostomum minimum (Table 2). All had been observed feeding 
on fish in Miller's Bay before collections were made and both species 
represent new host records (Palmieri, 1973). 
Gravid £. minimum were recovered from all four classes of 
vertebrate hosts exposed (Tables 6-9), although egg size varied greatly 
among specimens from them. Except for the avian host Gallus 
dcmesticus, no attempt was made to determine viability of eggs 
collected. A comparative analysis of egg size may be found in Table 33. 
Egg numbers per worm varied from 1-5, depending on the experimental 
host utilized. 
Much variation exists in localization of adults as well as in 
their density in experimental definitive hosts. In poikilothermic 
groups (amphibians and reptiles), adult P^. minimum were found 
principally at the extreme anterior and posterior regions of the 
intestine. One exception to this was in Ambystoma tigrinum, where 
adults were distributed throughout the intestine. One female Rana 
pi piens had mature £. minimum developing within the stomach 96 hours 
after infection. In two species of snakes (Thamnophis radix and 
X. sirtalis), the most highly developed worms were found in the 
anterior third of the intestine. This variation in site localization 
also held true for worms recovered from two specimens of turtles 
(Chrysemys pi eta). Among homoiothermic hosts examined, site locali­
zation of adult P.. minimum varied greatly from those of poikilothermic 
hosts. Most 2- minimum adults recovered from the following avian hosts 
were recovered from the upper third to upper half of the small intestine 
Gallus domesticus, Cyanocitta cristata, Toxostoma rufum. Col aptes 
auratus, Meleaqris qalippavo and Anas platyrhynchos. In six species 
of avian hosts (Passer domesticus, Larus delawarensis, Zenaidura 
macroura. Troglodytes aedon. Columba livia and Streptopelia risoria), 
adult worms were found only in the mid-region of the small intestine. 
In a few instances, exceptions to the above site localizations were 
noted: Sterna forsteri (junction of the small and large intestine); 
Troglodytes aedon (mid-small intestine, liver and lungs), Turdus 
miqratorius (throughout the intestinal tract) and Pheucticus 
ludovicianus (esophagus and throughout the digestive tract). Less 
variation in site localization was noted in mammalian definitive hosts. 
Here, localization varied from extreme upper 6 inches of the small 
intestine (Oryctolagus cunicuius) to the upper third to anterior half 
(Pidel phi s marsupialis, Blarina brevicauda and Tamias striatus)-
In several hosts (Mustela erminea, Peromyscus leucopus and Ondatra 
zibethicus), adult £. minimum was limited to the mid-region of the 
small intestine. 
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Experimental Line of Infection 
Several day old cockerel chickens were force fed sunfish livers 
experimentally infected with over 2,000 metacercariae of JP. minimum. 
When chickens were examined 36 hours post infection, one adult 
minimum containing three fully developed but unembryonated eggs 
was isolated. Eggs were removed from the uterus of this fluke and 
incubated at room temperature in mi Hi pore filtered lake water for 
21 days until hatching occurred. One free swimming miracidium was 
placed in a 5-inch round culture dish with a single laboratory reared 
Physa qyrina and penetration observed with the aid of a dissecting 
microscope. The infected snail was isolated in a covered aquarium for 
48-49 days until cercariae began to emerge. Embryological development 
of a second egg was photographically observed in the living state 
(Plate III). A third egg was allowed to hatch and the miracidium 
penetrated a laboratory reared K qyrina. Upon emergence of cercariae 
on day 49, the snail was crushed and sporccysts and cercariae examined 
photographically. 
Sunfish collected from an area free from £. minimum infection 
were exposed twice daily to over 500 cercariae for a period of 10 days. 
Very little irritability resulting from cercarial penetration of the 
sunfish was observed. These results are in agreement with those 
reported by Klak (1940) and Sillman (1957). Pathological effects 
include blood congestion and hemorrhage at the point of cercarial 
penetration (Spall and Summerfelt, 1970), decreased growth of the fish 
due to interference of the metabolic pathways (Smitherman, 1964; 
23 
Wilson, 1957) and death of the fish host caused by shock due to 
penetrating cercariae (Hunter, 1937; Hoffman, 1953). 
Development of metacercariae was allowed to take place within 
the fish host for a minimum of 45 days before experimental feedings 
were begun. Examination of the experimentally infected sunfish 
indicated that site localizations of metacercariae were similar to 
those seen in naturally infected sunfish from Miller's Bay, but the 
density of infection was much reduced. Most fish contained between 
75 and 300 metacercariae with the greatest numbers occurring within 
the liver. 
Gravid adults were recovered from all four classes of vertebrate 
hosts which had been fed laboratory raised metacercariae of P^. minimum 
(Tables 11-14). Several attempts were made to determine the viability 
of eggs collected from these hosts and attempts were made to maintain 
the life cycle in the laboratory. 
Eggs from gravid worms which had developed in a single female 
Rana pipiens failed to develop after 40 days incubation. No other 
attempt was made to show viability in amphibian hosts (Table 11). 
Eggs from a turtle host (Chrysemys pi eta) developed, hatched, and 
miracidia penetrated a single _P. qyrina. Development proceeded to the 
point of cercarial emergence, but further attempts to continue the life 
cycle were not undertaken (Table 12). Attempts at hatching eggs taken 
from adult worms raised in a young male cat (Pelis catus) proved 
successful up to the free swimming miracidial stage. Greatest success 
in maintenance of the life cycle of P^. minimum in the laboratory. 
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however, was found within the class Aves. Attempts to hatch eggs and 
to develop free swimming cercariae from eggs collected from adult 
P_. minimum reared in nine day-old Gal lus domesticus proved successful. 
Fully developed infective metacercariae reared in sunfish were fed 
to day olc cockerel chicks and gravid adult Posthodiplostomum minimum 
recovered in 36 hours. Eggs were then hatched, miracidia exposed to 
laboratory reared snails and development observed up to the cercarial 
stage. A similar cycle (egg to egg) was also carried out 
using a domesticated dove (icreptopelia risoria) (Table 13). 
Site localization of adult IP. minimum experimentally developed in 
vertebrate hosts was found to be similar to that in hosts which had 
been fed naturally infected sunfish livers. 
Pathology 
Very little information exists concerning the pathology of adult 
£. minimum in the definitive host. During this investigation, no 
apparent ill effects were observed due to infections of P^. minimum. 
In no case did any poikilotherm show any evidence of pathology due to 
an infection of this fluke. Some effects, however, were noted for 
homoiothermic hosts. 
Avian hosts, infected with large numbers of worms (above 200), 
showed signs of enteritis and diarrhea. Some destruction of 
intestinal papillae and blood vessels as well as petechial and 
catarrhal enteritis occurred. No avian host was ever lost 
due to infection by Posthodiplostomum minimum even in instances where over 
2,000 adult worms were collected from a 3 day old Callus domesticus 
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and adult Cyanocitta cristata. 
Mammalian hosts showed the greatest range of pathology resulting 
from infection by K minimum. Effects ranged from no apparent harm 
to complete destruction of most of the villi of the upper 1/3 of the 
small intestine. In an opposum (Pidel phis marsupial is), extreme 
hemorrhagic enteritis was noted within the intestine of a pregnant 
female. 
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INTRASPECIFIC VARIATION 
Mayr (1963) has defined biological species as "groups of actually, 
or potentially interbreeding natural populations which are reproductively 
isolated from other such groups." 
Too often investigators concerned with taxonomic aspects of 
helminths disregard the interactions of definitive hosts and their 
environment and have based species determination principally upon 
morphology, geographical distribution and host differences. 
Few animal groups better illustrate the overall effect of 
biological, physical, ecological and geographical factors upon species 
as do the parasitic platyhelminths. The complex problems of intra-
specific variation in parasitic worms have been well defined by Stunkard 
(1957). "I have yet to find any formula to replace the one given by 
Looss (1902) to define species, genera, and higher taxonomic units. 
The situation is one of the most exasperating and challenging in 
systematic zoology. The worms cannot be maintained apart from their 
hosts, and the influence on the parasite can never be completely 
assessed. At one time it was believed that each species of parasitic 
flatworm is limited to a single host-species or at most to a few 
closely related species, but the development of the same species in 
hosts as distant as reptiles, birds, and mammals has disposed of the 
idea. Indeed, in most instances we do not know the extent of possible 
hosts. When an investigator is confronted with similar worms from 
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different hosts, he has no precise way of determining whether he is 
dealing with one or more than one species, [therefore]...specific 
determination of a particular individual may pose an almost insoluble 
problem." 
Upon surveying the literature, one finds differing opinions on 
intraspecific variation, its causes, its identity and its relationship 
to population and speciation. The concept of genetic species still 
accepted and used by investigators such as Wright (1960) and Dubois 
(1968,1970), considers species as a natural interbreeding population 
limited only by the mobility and distribution of the hosts involved 
and the longevity of the parasite within its host. As early as 1923, 
Chandler noted the effects of environmental changes on the morphology 
and physiology of parasites, but according to Simpson (1943) such 
morphological changes may be difficult to assess. 
In order to determine the specific identity of a parasitic worm, 
quantitative and qualitative criteria must be considered. Removal of 
the parasite from its natural host may cause extreme contraction 
resulting in changed organ size which may differ as much as 100% from 
similar structures in pressed worms (Stunkard, 1957). In a critique 
on measuring parasitic worms, Ulmer (1950) found that different 
techniques associated with flattening of worms before fixation had a 
distinct effect on their morphology. He maintained that age of 
worms, and type of fixatives employed are important in identification 
and that preliminary examination of living worms is also desirable. 
He stated that "much of the present day confusion in taxonomic 
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studies might be avoided if such procedures were consistently followed." 
Since 1953, several investigators have reported host induced 
morphological variation in trematodes. Haderlie (1953), while 
examining several hundred P^. minimum metacercariae from several species 
of second intermediate sunfish hosts, found a high degree of morpho­
logical variation. Berrie (1960) found that in experimental infections 
of Diplostomum phoxini in mice, ducklings and herring gull chicks, 
the host had a significant influence upon the size and shape of the 
parasite's testes. Ching (1961) also reported host influences on the 
reproductive organs of Philopthalmus graili. The importance of studying 
and determining influences of differing host environments on the 
morphology, physiology and behavior of the parasite within hosts of 
different species was indicated by Haley (1952). Arora and Agarwal 
(1962) found extreme changes in body shape, vitelline density, 
proportion and size of both oral and ventral suckers and egg size of 
Pavarii cl-nmiim r«v«-i onrp 1 S c wi+hin rho avian hncr Calntos: vorsirnlnr 
Eight reported species of Xenopharynx (Plagiochiidae) were invalidated 
by Rai and Agarwal (1963), based upon the variation of specimens of 
X.. solus recovered from the gall bladder of a snake. In working with 
Leucochoridium paradoxum in both natural and experimental hosts, 
Pojamanska (1967) reported marked variation in body spination, position 
of the genital pore and extent of vitellaria, and size of pharynx, 
sucker and gonads. Pojamanska found less variation in size ratios of 
oral sucker and acetabulum as well as in gonad position and egg size. 
In a detailed study on Telorchis bonnerensis, Watertor and Ulmer 
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(1964, 1965) and Watertor (1967) experimentally demonstrated the 
flexibility and variation of the taxonomic characters (extent of 
vitellaria, cirrus sac, ovary position, sucker and egg size) of this 
species recovered from laboratory reared amphibian and reptilian 
hosts. In a comprehensive statistical analysis of intraspecific 
variation of Mesocoelium danforthi, Mettrick and Dunkley (1968) found 
much variation in four significant characters used in intraspecific 
determination of the species, when specimens were reared in different 
hosts. Blankespoor (1971), upon examination of laboratory-reared 
PI agi orchis noblei from a variety of birds and mairenals, found body 
and sucker size, oral sucker size, oral sucker and gonad position, 
size of cirrus sac, length of esophagus and extent of vitellaria to be 
unreliable taxonomic characters for this species. Blankespoor also 
found that adult worms were capable of attaining sexual maturity at 
different ages in various avian and mammalian hosts. Kinsella (1971), 
in a study concerning intraspecific variation of Quinquessrialis 
quinqueserialis in rodents, found body length and width, width of the 
uterine coils, testes and ovary length as well as cirrus sac and 
metraterm length, to be somewhat host dependent. Campbell (1972), in 
a brief report on new avian experimental hosts for minimum, found 
morphological variations in size, shape, and position of the gonads. 
In an extensive study of Cotylurus flabelliformis, Campbell (1973) 
reported that in this species, too, host induced variation is 
extensive within the genus. Palmieri (1973) reported that metacer-
cariae of Posthodiplostomum minimum were fed to a variety of amphibian. 
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reptilian, avian and mammalian hosts resulting in the establishment 
of 21 new experimental hosts. Details of specific morphological 
variations of P.. minimum as noted in studies involving light and 
scanning electron microscopy, are reported in a subsequent section of 
this dissertation. 
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PHYSIOLOGICAL STRAINS OF POSTHODIPLOSTOMUM MINIMUM 
Ferguson (1943) and Klak (1940) indicated that a minnow (cyprinid) 
as well as a sunfish (centrarchid) line of development exists for 
minimum. Miller (1954) found that metacercariae from either the 
centrarchids or cyprinids when fed to two groups of herons, success­
fully developed into gravid Posthodiplostomum. Miracidia, hatched 
from eggs of these adults, when exposed to either Physa acuta and 
Physa heterostropha, produced morphologically similar cercariae. It 
had been determined by Ferguson (1943) however, that the cercariae 
of the centrarchid line infect only fish of the Centrarchidae whereas 
cercariae of the cyprinid line infect only members of the Cyprinidae. 
Hoffman (1958), in a detailed experimental study, confirmed that two 
major physiological strains of cercariae for P^. minimum did indeed 
exist. He critically surveyed the existing literature and recorded 
97 species and 18 families of freshwater fish serving as second 
Intermediate hosts for Posthodiplostomum minimum. Hoffman also 
experimentally established that cercariae of either type (cyprinid 
or centrarchid) were morphologically indistinguishable. Since this 
physiological specificity was apparent, Hoffman proposed that the 
minnow (cyprinid) line be called Posthodiplostomum minimum minimum 
and sunfish (centrarchid) line be designated Posthodipiostomum 
minimum centrarchi. A reconfirming study was carried out by Bedinger 
and Meade (1967) who indicated that several physiological strains or 
subspecies of Posthodi piostomum do occur. 
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At the onset of this investigation, there existed a possibility 
that the two subspecies of P^. minimum might simultaneously be 
infecting fish of the West Okoboji region. To determine if this were 
true, a two year survey of the rough and game fish was conducted. A 
total of 9 species of fish including 449 specimens were examined for 
metacercariae of 2- minimum. All fish were collected from Miller's 
Bay region of West Lake Okoboji. All fish were found to be negative 
for metacercariae of K minimum except for 295 specimens of sunfish 
(Lepomis gibbosus and Lepomis macrochirus) which demonstrated a 100% 
degree of infection (Table 3). These results indicate that the sub­
species of £. minimum collected from Miller's Bay were comparable 
to Posthodiplostomum minimum centrarchi as described by Hoffman (1958). 
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RESULTS 
Experimental Line of Infection 
A total of 49 variables (Table 15) arranged in a series of 9 sets 
(Table 16) were measured for each adult Posthodiplostomum minimum 
recovered from experimentally infected vertebrate hosts. Data were 
statistically analyzed on five levels: (1) individual worms recovered 
from a single specimen of a particular species of host, (2) pooled data 
from all worms from a single host specimen, (3) all worms from all 
specimens of a given species of host, (4) all worms from all genera 
within each vertebrate class of hosts and (5) all worms from all 
classes of vertebrate hosts exposed. 
The various morphological features of adult worms which were 
statistically analyzed included the following measurements: organs of 
attachment (oral sucker, acetabulum and holdfast), organs of repro­
duction (testes, ovary, egg and vitelline distribution), and an 
additional category identified as miscellaneous features (tegument, 
host sex, host class, etc.). Results obtained from each set of data 
will be dealt with at all five levels mentioned above. 
Results of statistical analyses are recorded in tabular form in 
a uniform manner for each of the 9 sets of data. Statistical analyses 
(Tables 17-41) of the data for each set include the following: 
(1) a list of variables measured, (2) the over-all mean, (3) the 
over-all standard deviation, (4) the means for each class (Amphibia, 
Reptilia, Aves and Mammalia), (5) level of statistical significance 
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(P-value)*, (6) percentage of the total variance ascribable to 
differences among class means, genera within classes, species within 
genera and individual worms within species, (7) a similar subdivision 
of the total variance within each class. 
Adult 2- minimum recovered from naturally infected avian hosts and 
adults recovered from numerous additional vertebrate hosts experimentally 
fed sunfish livers naturally infected with metacercariae of 2- minimum 
were treated in the same manner as adults from the experimental line 
of infection. Adult worms from both sources were measured and individual 
measurements were combined from worms recovered from a given vertebrate 
class of host. All measurements were compared to those obtained from 
worms recovered from the most commonly reported definitive host, a 
great blue heron (Ardea herodias). Results of the data collected from 
natural and experimental lines of infection are compared in Table 35. 
Observations 
Observations of trends or tendencies in development of structural 
features of adult 2. minimum resulting from host-parasite interactions 
are also noted and are included in each appropriate subsection. 
*P-value = probabilities that observed differences in the combined 
or individual class means were due to chance alone. The probabilities 
were grouped into 4 classes: 
(1) P<p.01 (indicated in Tables as .01) 
(2) 0.01<P<p.05 (indicated in Tables as .05) 
(3) 0.05<P<P.10 (indicated in Tables as .10) 
(4) P>0.10 (indicated in Tables as None) 
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Body measurements 
Five variables and relationships were analyzed for the body measure­
ments of 2" minimum (Tables 17-18). These include (1) body length 
(from the anterior margin of the forebody to the posterior of the 
hindbody exclusive of the extended bursa, when present); (2) body width 
(at the widest portion of the forebody); (3) distance from the anterior 
margin of the forebody to the anterior margin of the acetabulum; and 
(4) from the posterior margin of the acetabulum to the posterior margin 
of the hindbody. This relationship (DAA/DPP) was chosen rather than 
forebody and hindbody lengths because of the lack of uniformity of a 
distinct demarcation between these regions in some specimens. It was 
also decided that using the ratio DAA/DPP would minimize the effect of 
size differences of adults of minimum because the position of the 
acetabulum is relatively constant and serves as a more uniform reference 
point. A complete tabulation of the above data follows in Table 22. 
A class comparison of important correlations of the above variables 
can be found in Table 23. 
Body size (length and width) of adult 2. minimum is a significant 
characteristic relative to the class of definitive host used for 
development of adult worms. At the class level, both body size and 
demarcation between the forebody and hindbody regions of P^. minimum 
vary significantly. In worms recovered from amphibian and reptilian 
hosts, very little demarcation can be noted (Figs. 15,16 and 23-27). 
Furthermore, in many worms developed within these poikilothermic hosts, 
considerable invaginations of the anterior margin of the forebody occur 
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(Figs. 25,26 and 50). In many worms the hindbody is not present 
(Figs. 15,16) or is poorly developed (Figure 17). In some experimental 
avian hosts fed metacercariae of £. minimum, however, adult worms 
appear normal and well developed with a well demarcated forebody and 
an elongate, cylindrical hindbody (Figs. 20, 22, 28, 30 and 33). 
In the most common definitive host for £. minimum, the great blue 
heron, worms naturally infected from this host demonstrate the most 
characteristic body form (Figure 33). Those worms recovered from 
mammalian hosts appear to be more normal in their development than 
those recovered from amphibian and reptilian hosts but vary somewhat 
from those recovered from avian hosts in possessing hindbodies whose 
lengths are reduced in proportion to the forebody (Figs. 18, 21, 
31,32 and 34,35). 
Oral sucker 
Six variables were statistically analyzed for the oral sucker of 
2- minimum. Five of these variables (length, width, cross sectional 
area, ratio of length to width and ratio of oral sucker-acetabulum 
cross sectional areas) are listed in Table 16. Various morphological 
modifications of the oral sucker are compared according to hosts in 
Table 19 and Figures 36-50. 
A comparison of important correlations of the above variables as 
related to individual vertebrate classes can be found in Table 20. 
Of all the morphological features of the adult worm examined during 
this investigation, the oral sucker shows the greatest amount of 
variation. 
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In ecologically normal definitive hosts (piscivorous birds) as 
well as mammalian hosts, the oral sucker is well-developed, muscular and 
is situated in the anteromost portion of the forebody (Figs. 40-43 
and 49). In certain avian and mammalian hosts, however, it appears 
to lie below the surface of the anterior end of the forebody (Figs. 
38,39, 44-46 and 50). In such instances, the cavity of the oral sucker 
appears collapsed, although the musculature retains its identity. 
In amphibian and reptilian definitive hosts, an oral sucker appears to 
be lacking or may be so markedly reduced that only an oral slit appears 
(Figs. 36,37 and 46-48). In other than avian hosts, it is not atypical 
to find some specimens with well-developed oral suckers and others 
with oral slits among worms recovered from a single definitive host 
(Table 21). 
Acetabulum 
Six variables were analyzed in studying the acetabulum (length, 
width, cross sectional area, ratio of the length to width, acetabular 
index, ratio of the acetabulum length to the body length and the 
acetabulum width to the body width). Length and width were measured 
along the major axes of the body. 
A complete analysis of the above data appears in Table 22. 
Morphological variations of the acetabulum are illustrated in Figures 
51-56. 
A class comparison of important correlations of the above variables 
can be found in Table 23. 
Throughout the four classes of definitive hosts experimentally used 
for development of adult P. minimum, complexity in structure and overall 
size of the acetabulum vary greatly depending on the group of definitive 
host used. Within some hosts (especially avian) the acetabulum is large, 
consisting of a full base well endowed with tegumental spines and an 
expanded muscular surface region covered with two rows of presumed 
sensory structures. Two views of the acetabulum recovered from the 
avian host Larus argentatus clearly show the above structures (Figs. 
53,54). In other hosts, the acetabulum is reduced in size (Fig. 56) 
and neither the base nor the apical region are fully developed (Figs. 
52 and 60). In one specimen of £. minimum recovered from a frog (Rana 
pipi ens) (Fig. 51), the base of the acetabulum is not distinguishable, 
and there is no evidence of apical musculature, well-developed 
tegumental spination or sensory structures. In a few abnormally 
developed worms recovered from Ambystoma tigrinum, the acetabulum 
has apparently degenerated to a point where it is no longer present. 
Holdfast or tribocytic organ 
Four variables (length, width, cross sectional area and ratio of 
length to width) were analyzed in studying the holdfast organ of 
minimum. A complete statistical evaluation of the above data is 
presented in Table 24. Structure of the holdfast organ at the 
ultrastructural level is shown on Figures 57-62. 
A class comparison of important correlations of the above variables 
is presented in Table 25. 
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The holdfast or tribocytic organ of minimum occupies the major 
portion of the posterior region of the forebody (Fig. 20). Although 
its size is somewhat consistent in specimens recovered from most 
vertebrate hosts, it is somewhat reduced in amphibian and reptilian 
hosts. The relative constancy in size of the holdfast organ in worms 
from all vertebrate hosts make variations in the shape of this structure 
difficult to ascertain. Furthermore, the shape of the holdfast is 
probably affected by the underlying musculature. 
Figures 57 and 58 show the appearance of the holdfast organ in the 
extended appearance, whereas Figures 61 and 62 demonstrate the holdfast 
organ being pulled inward by the underlying musculature. 
Examination of the holdfast organ shows that it is well endowed 
with tegumental spines (Fig. 60). Such spines do not vary appreciably 
in size and shape as do tegumental spines from other body regions. 
Ovary 
Five variables were statistically analyzed in studying the ovary 
of adult 2" minimum, namely: (length, width, cross sectional area, 
ratio of length to width and the variation in the position of the ovary 
relative to anterior and posterior testes). A complete statistical 
analysis of the above data can be found in Tables 26 and 28. 
Variations in ovary position of minimum is found in Table 
and Figures 63-68. 
A class comparison of important correlations of the above variables 
are found in Table 27. 
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The ovary commonly varies in position from anterior to the 
anterior testis (Figs. 63,64) to lateral (Fig. 65) or posterior (Figs. 
66-68) to it. In worms recovered from all four classes of experimentally 
fed definitive hosts, the ovary was situated most commonly to the left of 
the anterior testis (Fig. 65). It was not uncommon to find the ovary 
in several of the above positions, however, within worms recovered 
from any given genus of cold blooded definitive host (e.g. Rana, Eurycea 
and Thamnophis) as shown in Table 28. Variations such as these are 
much more common in poikilothermic than in homiothermic hosts. 
Testes 
Ten variables were used in describing the size, number, and relation­
ships of the anterior and posterior testes (anterior testes length and 
width, posterior testes length and width, cross sectional area, ratio of 
testes length to width, ratio of the cross sectional area of the testes 
and testes number). A complete statistical analysis of the above data 
can be found in Tables 29 and 31 and a comparison of the morphological 
variation drawn at the light level on Figures 23-35. 
A class comparison of important correlations of the above variables 
is shown in Table 30. 
The appearance of the testes including their size, shape and number 
varied widely in specimens of minimum recovered from various 
vertebrate hosts. A definite trend is noticeable in accordance with the 
specific class of vertebrate host employed. In worms developed within 
avian hosts, anterior and posterior testes occupy most of the hindbody 
(Figs. 28, 30) and are large, well developed and approximately twice 
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as wide as they are long. In mammalian hosts, worms have less normal 
looking testes (Fig. 32) but the latter are about 3-4 times as wide as 
long (Figs. 31,35) and are "dumbbell" shaped. Within poikilothermic 
hosts, testes of £. minimum appear even wider (Figs. 25,27) and 
sometimes show twists and diverticula (Figs. 25,27). In several 
reptilian and mammalian hosts, no posterior testis appears. Several 
worms recovered from amphibian hosts showed no signs of testes develop­
ment (Table 31). Throughout all classes of hosts experimentally infected, 
worms from the more ecologically abnormal hosts tend to develop extremely 
wide testes with trends toward reduction of the posterior testis. 
Vitelline gland distribution 
Only the distribution of vitelline glands in the forebody and 
hindbody was considered in the adult £. minimum recovered during this 
investigation. These data are listed in Table 32 and diagrammed in 
Figures 48-50. 
In most specimens of minimum recovered from avian hosts, 
vitelline follicles are large and granular. Follicles are most heavily 
concentrated in an area extending from a region equidistant between 
acetabulum and oral sucker to the anterior third to half of the anterior 
testis (F1g. 49)= In some amphibian, reptilian and mammalian hosts, 
vitelline distribution is identical to that found in the avian hosts, 
but follicles are smaller and less granular. In worms recovered from 
some reptilian and avian hosts (Chrysgnys, Columba, and Gallus), 
vitelline distribution is reduced to an area surrounding only the 
holdfast organ and the acetabulum (Fig. 48). Wonns recovered from 
amphibian hosts demonstrate a further reduction in vitelline 
distribution to a point where only a few follicles scattered around 
the holdfast are present (Fig. 50). In some cases (amphibian, 
reptilian and mammalian hosts) a complete absence of follicles resulted, 
even though age of the worms was sufficient to have permitted full 
development of these follicles. 
Ega 
Six variables were analyzed in evaluating measurements of the eggs 
of £. minimum. Linear measurements consisted of individual egg length 
and width as well as means of egg length and width of all eggs from 
worm specimens within a single host species. Two relationships of the 
above data were also studied, namely the ratio of the egg length means 
to the egg width means and the mean value for the cross sectional area. 
A complete statistical analysis of the above data can be found in 
Table 33. Stages of egg development are demonstrated in Figures 3-8. 
A class comparison of important correlations of the above variables 
can be found in Table 34. 
Egg shape and embryological development of the miracidium of P^. 
minimum vary among poikilothermic and homiothermic definitive hosts 
utilized in this investigation. minimum eggs from amphibian and 
reptilian hosts are small and round. Those recovered from amphibian 
hosts were not viable and no miracidial development could be detected. 
Egg size was largest from worms recovered from homiothermic hosts. The 
largest and most viable eggs of £. minimum are recovered from 
piscivorous avian and carnivorous mammalian hosts and such eggs are 
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characteristically oval and operculate (Figs. 3-5). Eggs, incubated 
at 70-73F for 18-21 days, show developing miracidia with eye spots. 
Egg number per worm varies from 1-2 in amphibian and reptilian to 1-5 
(typically 3) in avian and mammalian hosts. 
Tegumental modifications 
Several host induced modifications of the tegument were noted during 
the course of this study. Scanning electron microscopy of the tegument 
of 2" minimum specimens recovered from a variety of experimentally fed 
hosts revealed that tegumental spines underwent morphological modifi­
cation. Two regions of the adult worm were selected for observation: 
(1) an area lateral to and equidistant between the acetabulum and 
holdfast (Figs. 69-72) and (2) a mid-dorsal area on the hindbody (Figs. 
73-76). Although no phylogenetic relationships or trends could be 
discerned, tegumental spination of the ventral forebody surface was 
reduced from the normal complex structure (Fig. 69). Normal spines 
are large with serrated margins and are surrounded by tegument containing • 
many surface modifications (Figs. 59,70). In specimens collected from 
Chrysgiiys pi eta, spines were so reduced that only a net-like or web-like 
surface area remained. Such greatly reduced spines are connected to 
one another as well as to the underlying tegument by filamentous strands 
(Fig. 71). Tegumental spines examined from most specimens recovered 
from vertebrate hosts were reduced when compared to others which were 
more highly developed. There is no apparent relationship between the 
class of host and complexity of tegumental spine structure. A typical 
example of a reduced tegumental spine can be found on Figures 70 and 
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72, taken from Iguana iguana and Meriones unguicuTatus, respectively. 
On the mid-dorsal hindbody of £. minimum, the tegument shows 
some surface modification ranging from a folded appearance (Figs. 
73,74) (Chrysemys pi eta and Bufo americanus) to one in which bleb-like 
modifications of the tegumental surface predominate (Fig. 75) (Rana 
pi pi ens). A tegument consisting of irregular ridges (Fig. 76) is 
also common among worms developed within amphibian hosts. Morphological 
modification of the tegument and associated surface structures are 
independent of the class of host used for experimental development of 
the adult P^. minimum. 
Natural Line of Infection 
A comparison of variables of adult worms from a variety of hosts 
fed sunfish livers naturally infected with metacercariae of Posthodiplo-
stomum minimum were analyzed with methods identical to those used for 
the experimental infections previously described. 
Measurements of the mean value and standard deviation from the 
mean value of each variable of adult K minimum at the host-class level 
are compared to those recorded from worms recovered from a natural 
infection involving the normal definitive host Ardea herodias 
(Great Blue Heron). Comparisons of variables from the above may be 
found in Table 35. 
Statistical analyses of measurements of variables recorded for the 
natural-line of infection of P^. minimum produced results quite similar 
to those recorded for the experimental line. Because of the lack of 
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experimentally reared metacercariae of P^. minimum and definitive hosts 
used in these experiments, however, little significance is placed upon 
the results of the natural line of infection. 
Comparison of the mean value of the 37 variables of the natural-
line of £. minimum to that to the experimental-line of infection 
demonstrates that very probably only one subspecies (physiological 
strain) of P^. minimum exists in Miller's Bay, West Lake Okoboji. 
Trends in morphological variation within both poikilothermic and 
homiothermic definitive hosts are quite similar. Comparative analysis 
of the mean value and standard deviation from this value of the variables 
s+udied for the natural and experiment-lines of infection indicates 
thdt some differences do occur. Possible factors influencing such 
oivferences include: (1) the greater number of hosts used in 
preliminary feedings (natural-line) than were used for experimental 
feedings, (2) the fewer number of worms per host from definitive hosts 
of the natural-line of infection, which were selected for statistical 
analyses and (3) the pooling of data from worms recovered from 
individual specimens within any one class into a class mean value. A 
combination of these three factors may account for the slight 
differences of the mean class values of individual variables in both 
the natural and experimental lines of infection. 
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DISCUSSION 
One of the principal factors contributing to the complex problems 
of speciation within the genus Posthodiplostomum and perhaps other 
genera of digenetic trematodes has been the lack of experimental 
studies providing experimental data on host-induced variation at 
the intraspecific and interspecific levels. This study, based upon 
careful examination of over a thousand specimens of Posthodipiostomum 
minimum recovered from 116 experimental hosts, emphasizes the pronounced 
morphological variation resulting from the rearing of £. minimum in 
different vertebrate definitive hosts. 
The strong specificity supposedly demonstrated by strigeoids has 
been the basis for several extensive taxonomic revisions of this group 
by Dubois (1944, 1955, 1968,1970). In recent years, however, several 
investigators have shown that strigeoid trematodes are not physiologically 
as host specific as previously suggested. Ulmer (1961) emphasized the 
need for additional experimental data relative to host specificity, 
in order to assess the validity of Dubois' use of it as a major-
criterion for establishing taxonomic relationships. 
Berrie (1960) and others have stated that new species of parasites 
are often described on the basis of a very few specimens recovered from 
a single host individual. In such circumstances, an overemphasis is 
placed on apparent host specificity and large numbers of so-called 
"species" assigned to a given genus unfortunately results in taxonomic 
confusion. This is particularly true insofar as the genus Plagiorchis 
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is concerned, for more than 90 described species appear in the literature. 
Angel (1959) called attention to the increasing problems resulting 
from the burgeoning numbers of species in that genus, and concluded 
that increasing difficulty would result "unless authors will appreciate 
the necessity of allowing for some considerable amount of variation of 
characters within a species... and for the possibility that some species 
may occur in a more or less wide range of hosts...". 
This investigation clearly demonstrates that Posthodiplostomum 
minimum is able to develop to a gravid state in many host species within 
all vertebrate classes except fishes. It is doubtful, however, that 
host specificity in a strict sense is of value in differentiating 
species of Posthodiplostomum. Most definitive hosts utilized during 
this investigation probably would not be found naturally infected 
with JP. minimum. Ecological isolation and other factors prevent many 
hosts from actively feeding upon infective metacercariae within the 
fish intermediate host. Nonetheless; accidental infections could occur, 
and clearly indicate that host specificity of strigeoids as a major 
taxonomic criterion is apt to be unreliable. 
Analysis of all data accumulated during this study concerning 
variables and morphological relationships of minimum indicates that 
several important characters are of taxonomic value, others are of 
little or no importance (Tables 38-41). Those characters or 
variables undergoing no significant changes (below the F .10 level 
of significance) include ratio of the oral sucker length to the oral 
sucker width, posterior testis width and acetabular index of the width 
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(Table 39). These characters are of greatest value as taxonomic 
criteria for the identification of adult Posthodiplostomum recovered 
from any individual host class. Those characters (Table 40) undergoing a 
significant change (F .01 level of significance or higher) include 
egg length and width, both ratio and area of the egg length means and 
the egg width means and body length and these are the poorest characters 
for taxonomic identification of £. minimum since they show a significant 
morphological variation due to influences of (1) class of host in which 
development takes place, (2) genera of hosts within any class of host 
or (3) inherent variability of £. minimum exclusive of host influences. 
Structural features that underwent the greatest morphological variation 
due to effects of all hosts within any one individual class (Table 38) 
are so pronounced that one is able to identify the host class on the 
basis of the variation themselves. Those characters (Table 41) 
representing a natural variability (e.g. ratio of the oral sucker 
length to the acetabulum length, ratio of the ovary length to width, 
and the oral sucker width) are of least value in taxonomic determination 
of P^. minimum. 
This study provides statistical evidence that the only significant 
morphological criteria for the determination of Posthodi plostomum 
minimum developed within any definitive host class are the ratio of the 
body length to body width, oral sucker cross sectional area, acetabular 
index of length, acetabulum length, oral sucker width, and acetabulum 
width. Ratios between holdfast length and width, anterior testis 
length and width as well as the oral sucker length and width also aid 
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in the taxonomic identification of this species. 
Upon analysis of the data obtained from specimens recovered from four 
classes of definitive hosts, generalizations concerning host-induced 
relationships of minimum were noted at the homoiothermic-poikilothermic 
levels. These relationships are summarized in Table 36. Furthermore, 
trends of certain variables in accordance with the vertebrate host class 
can be noted (Table 37). 
It is apparent that on the basis of those variables studied in this 
investigation, avian definitive hosts are by far the most suitable ones 
for P_. minimum. Internal organs are best developed with respect to size, 
and their position remains more constant than do those of worms reared 
in other vertebrate classes. Mammalian definitive hosts also serve as 
"normal hosts" to a lesser degree, for the extent of the vitellaria and 
the nature of the oral sucker are somewhat more variable than in avian 
hosts. Poikilothermic hosts demonstrate marked variation and abnormal 
development. Especially among the Reptilia are extreme effects noticeable 
in developing worms, as evidenced by great reduction in body and organ 
size when compared with individuals reared in other host classes. 
Throughout the literature, extensive synonomy exists for many 
species of Posthodiplostomum. Neither Dubois.(1968,1970) nor Yamaguti 
(1971) agree as to the number of valid species of this genus. As 
indicated by this investigation, few characters can be effectively 
utilized in separating adults of P_. minimum reared in a great variety 
of poikilothermic and homiothermic hosts. Experimentally developed 
P. minimum from one or more classes of vertebrate hosts demonstrate such 
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a wide degree of morphological variation that one doubts the validity 
of the number of species currently placed in the genus Posthodiplostomum 
as well as related genera in this strigeoid group. Certain characters 
such as body shape, ovary position relative to the testes, extent of 
vitellaria, relative size of fore- and hindbody, oral sucker shape and 
host specificity have been and continue to be used in separating genera 
of the Diplostomini (including Prolobodipiostomum, Ornithodipiostomum, 
Posthodipiostomum, Mesoophorodipiostomum. Lophosicyadipiostomum, 
Procrassiphiala, Neodipiostomumoides, and Neodipiostomum). 
Even if one accepts Posthodiplostomum as a valid genus isolated 
morphologically and genetically from other related genera, the problem 
of speciation within the genus is even more confusing. Characters used 
by Dubois (1968,1970) and Yamaguti (1971) (such as "holdfast organ 
rounded and 1/4-1/9 as long as the forebody," "oral sucker small and 
acetabulum smaller than oral sucker," "testes tandem," "anterior 
testis oval," "posterior testis larger than the anterior testis") appear 
to be of little value, for this study has shown that host influences 
upon the adult £. minimum render such characters much too "plastic" 
to be of taxonomic importance. Because of inconsistencies in published 
accounts of organ sizes and descriptions of the 23 species of 
Posthodiplostomum. it is difficult to make a comparative analysis of 
them in relation to experimental results derived from this investigation. 
However, four variables (body length, body width, egg length and egg 
width) have been compared (Table 42). Examination of data in this 
table makes it apparent that several reported species of Posthodiplostomum 
are probably not valid because of the considerable overlap in measurements 
of these structural features. 
Because the adult stage of 2» minimum is capable of developing in 
a variety of vertebrate hosts and the larval stages employ numerous 
intermediate hosts, little value can be placed upon host specificity as 
a major taxonomic tool. Because of specificity and the striking 
plasticity of body shape and size, of organ shape, size and position, 
it is indeed probable that many of the reported species of Posthodiplostomum 
are one and the same and should be placed in synonomy with one another. 
Experimental data of the type analyzed during this investigation emphasize 
the need for an extensive and complete revision of the genus Posthodiplo­
stomum as well as the necessity for experimental determination of relation­
ships between species of Posthodi piostomum and their reported definitive 
hosts. Work in this area will require a more flexible definition of 
the species taxon and should provide us with a more meaningful relation­
ship between Posthodi pi ostonium and its hosts. 
55 
SUMMARY AND CONCLUSIONS 
Posthodiplostomum minimum (MacCallum 1921) Dubois, 1936, a strigeoid 
trematode normally found in the intestines of piscivorous birds 
has been shown to be capable of developing in 17 orders of amphibian, 
reptilian, avian and mammalian hosts. 
Although physid snails (Physia gyrina) are known to harbor sporocyst 
and cercarial generations, a lymnaeid (Lymnaea reflexa) may also 
serve as an intermediate host, this species being a new host record. 
All sunfish (totaling 295 examples of Lepomis gibbosus and L. 
macrochirus) from Miller's Bay, West Lake Okoboji, were infected with 
neascus-type metacercariae (100-2,OOO/host). Fish of these species from 
East Lake Okoboji, however, (41 specimens) were free from metacercariae 
of 2" minimum and were used for experimental second intermediate 
hosts. 
Previously unreported natural definitive hosts of £. minimum 
include piscivorous birds (Larus delawarensis and Sterna forsteri) 
collected at Miller's Bay. 
Extensive feeding experiments undertaken to determine if physiological 
host specificity is characteristic of JP. minimum involved the feeding 
of sunfish livers naturally infected with metacercariae to 114 
vertebrate hosts. Although fish failed to serve as definitive hosts, 
adult worms did develop in 3 species of amphibians, 5 species of 
reptiles, 41 species of birds and 11 species of mammals. 
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6. At least two morphologically identical but physiologically distinct 
strains or subspecies of minimum exist, differing in their 
ability to develop into neascus-type metacercariae within either 
cyprinid or centrarchid fish. Of the 6 species of fish (including 
449 individuals) examined from Miller's Bay, only 295 centrarchid 
fish were found infected clearly indicating that the physiological 
strain or subspecies of minimum used in this investigation was 
2- minimum centrarchi. 
7. Gravid P^. minimum were recovered from all classes of vertebrate hosts 
exposed except fish. Although size varied, viable eggs developed 
in reptilian, avian and mammalian hosts. 
8. Site localization of adult worms varied in different vertebrate hosts. 
Pathological effects include destruction of intestinal papillae, 
hemorrhage, and diarrhea. Morphological variations of adult P^. 
minimum were shown to be under the influences of (1) the class of 
host employed, (2) the genus of host employed and (3) inherent 
variability of £. minimum exclusive of host influences. 
9. A considerably high degree of host induced morphological variation 
of 2- minimum is found when adults are developed in ecologically 
abnormal definitive hosts. Forty-nine morphological variables were 
statistically analyzed and results indicate that the 
major organs and structures undergoing morphological variation 
include oral sucker, acetabulum, holdfast organ, testes, ovary 
position, vitelline distribution, body shape and size, and 
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tegumental surface and spines. 
10. Morphological characteristics of greatest value in the identification 
of Posthodiplostomum minimum from any class of host include the 
ratio of the oral sucker length to width, ratio of the holdfast 
length to width, anterior testis length to width, posterior testis 
width, and acetabulum width to the body width (acetabulum index of 
width). Those characteristics of least value in identifying 
Posthodiplostomum minimum include the egg length and width, ratio 
of the egg length to width, oral sucker width- ratio of oral sucker 
length to acetabulum length and ratio of ovary length to width. 
11. Of all the homoiothermic hosts used, avian hosts are by far the most 
suitable for minimum development. Mammalian hosts also serve as 
normal hosts, but to a lesser degree. Poikilothermic (amphibian 
and reptilian) hosts demonstrate marked variation in development of 
adult worms, usually as a decrease in size. 
12. Because of the marked morphological variation exhibited by 2-
minimum, doubt is placed on the validity of host specificity as a 
major taxonomic criterion. Due to the morphological overlap of £. 
minimum in this investigation with those reported in the literature, 
the validity of the 23 reported species of Posthodiplostomum and 
other related genera of the Diplostomini is questioned. Results of 
this investigation indicate the need for a thorough taxonomic 
revision of the entire genus. 
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Table 1. Scientific names of vertebrate hosts used in experimental 
feedings 
FISH 
Class: Osfeichth.yes 
Order:Perciformes ^ ^ 
Micropterus dolomieu dolomieu Lacepede 
Micropterus salmoides (Lacepede) 
Lepomis gibbosus (Linnaeus) 
Perca flavescens (Mitchill) 
AMPHIBIANS 
CI ass:Amphibia 
Order:Anura 
Bufo americanus Hoi brook 
Rana pi pi ens Schreber 
Order:Urodela 
Ambystoma tigrinum (Green) 
Eurycea bislineata (Green) 
REPTILES 
Class:Reptilia 
Order:Chelonia 
Chrysemys pieta (Schneider) 
Order:Squamata 
Iguana iguana Laurenti 
Thamnophis radix (Baird and Girard) 
Thamnophis sirtalis (Linnaeus) 
BIRDS 
Class:Aves 
Order:Ans eri formes 
Anas piatyrhynchos Linnaeus 
Order :Charadri  formes 
Larus delawarensis Ord 
Larus argentatus Faber 
Sterna forsteri Nuttal1 
Order: Ci con i i formes 
Ardea herodias Linnaeus 
Order : Columbiformes 
Columba livia Gmelin 
Streptopelia risoria (Linnaeus) 
Zenaidura macroura (Linnaeus) 
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Table 1. (Continued) 
Order: Galliformes 
Gall us domesticus Var. Dom. 
Meleaqris qallopavo Linnaeus 
Order: Passeri formes 
Cyanocitta cristata (Linnaeus) 
Parus atricapillus Linnaeus 
Passer domesticus (Linnaeus) 
Pheucticus ludovicianus Linnaeus 
Qui seal us quiscula (Linnaeus) 
Richmondena cardinal is (Linnaeus) 
Toxostoma rufum (Linnaeus) 
Troglodytes aedon Vieillot 
Turdus migratori us Linnaeus 
Order: Pici formes 
Col aptes auratus (Linnaeus) 
MAMMALS 
Class:Mammalia 
Order:Carnivora 
Canis familiaris Linnaeus 
Felis catus Linnaeus 
Mustela erminea Linnaeus 
Order:Insectovora 
Blarina brevicauda (Say) 
Order:Lagomorpha 
uryctoiaqus cuniculus Liggyjeborg 
Order:Marsupial is 
Didelphis marsupial is Linnaeus 
Order:Rodentia 
Citell us tridecemlineatus (Mitchill) 
Meriones unquiculatus Milne-Edwards 
Mus musculus Linnaeus 
Ondatra zibethicus (Linnaeus) 
Peromyscus leucopus (Rafinesque) 
Tamias striatus (Linnaeus) 
Tamiasciurus hudsonicus (Erxleben) 
Table 2. Avian hosts naturally infected with adults of P. minimum 
Host Host sex 
Number of specimens 
recovered 
State of sexual 
maturity 
ORDER:CHARADRIIFORMES 
Larus delawarensis <5 1-10 Gravid 
Larus delawarensis 6 10-25 Gravid 
Sterna forsteri 6 1-10 Mature 
ORDER:CICONII FORMES 
Ardea herodias ? 10-25 Gravid 
Table 3. Fish examined for metacercariae (neascus) of Posthodiplostomum minimum in Lake West 
Okoboji 
Common Number Number 
Fish name collected infected 
Aplodinotus qrunniens Rafinesque Freshwater Drum 47 0 
Cyprinus carpio Linnaeus Carp 18 0 
Esox lucius Linnaeus Northern Pike 2 0 
Ictalurus melas (Rafinesque) Black Bullhead 26 0 
Lepisosteus platostomus Rafinesque Shortnose Gar 6 0 
Lepomis qibbosus (Linnaeus) Pumpkinseed 170 170 
Lepomis macrochirus macrochirus Rafinesque Bluegill 125 125 
Perca flavescens (Mitchill) Yellow Perch 25 0 
Pomoxis niqro-maculatus (LeSueur) Black Crappie 30 0 
TOTAL 449 295 
Table 4. Total number of vertebrate hosts exposed to livers naturally infected with metacercariae 
of P. minimum 
Class Positive Negative No. species Total no. hosts 
Fish 0 32 4 32 
Amphibians 3 1 3 4 
Reptiles 5 0 3 5 
Birds 41 17 15 58 
Manmal s 11 4 9 15 
TOTAL 60 54 34 114 
Table 5. Fish hosts exposed to sunfish livers naturally infected with metacercariae of 
2' minimum 
Fish Host 
Micropterus dolomieu dolomieu 
Lacepede 
Micropterus salmoides 
(Lacépède) 
Lepomis gibbosus (Linnaeus) 
Perca flavescens (Mitchill) 
Common name 
Northern Smallmouth 
Bass 
Largemouth Bass 
Pumpkinseed 
Yellow Perch 
Number of fish demonstrating 
Age of Unexcysted 
infection metacercariae Adults of 
(hrs.) {+) (-) 2- minimum 
96 
96 
96 
96 
8 
0 
0 
8 
0 
0 
Table 6. Amphibian hosts fed sunfish livers naturally infected with metacercariae of P. minimum 
Hosts 
Age of 
infection 
(hrs) 
Host 
sex 
Numbers of 
specimens 
recovered 
State of 
sexual 
maturity 
Laboratory 
maintenance 
of life cycle 
ORDERrURODELA 
Ambystoma tigrinum 72 6 1-10 Mature 
ORDER:ANURA 
Bufo americanus 96 9 0 0 
Rana pi piens 84 
96 
9 
9 
100+ 
1-10 
Gravid 
Mature 
Table 7. Reptilian hosts fed sunfish livers naturally infected with metacercariae of P. minimum 
Hosts 
Age of 
infection 
(hrs) 
Host 
sex 
Numbers of 
specimens 
recovered 
State of 
sexual 
maturity 
Laboratory 
maintenance 
of life cycle 
ORDERrCHELONIA 
Chrysemys pi eta 
I I  
84 
96 
d 
9 
25-50 
100+ 
Mature 
Mature 
ORDER:SQUAMATA 
Thamnophis radix 48 9 50-100 Mature 
Thamnophis sirtalis 
I I  
24 
48 
9 
9 
100+ 
100+ 
Gravid 
Mature 
Table 8. Avian hosts fed sunfish livers naturally infected with metacercariae of 2- minimum 
Age of Numbers of State of Laboratory 
infection Host specimens sexual maintenance 
Hosts (hrs) sex recovered maturity of life cycle 
ORDER:GALLI FORMES 
Gallus domesticus 42 25-50 Gravid 
- • \ v  24 a 100 Mature 
I I  413 d 100 Gravid 
I I  48 d  25-50 Gravid 
I t  36-42 6  25-50 Gravid 
I I  36-42 d 50-100 Gravid 
I I  36-42 d  25-50 Gravid 
I I  36-42 â  50-100 Gravid 
Egg + Cercariae I I  7 2  d 50-100 Gravid 
I I  24 d 100 Mature 11 36-42 d 50-100 Gravid 
7 2  d 25-50 Gravid 
I I  7 2  d 50-100 Gravid 
I I  7 2  d 1-10 Gravid 
Meleaqris qallopavo 36 d 25-50 Mature 
ORDER:PASSERIFORMES 
Passer domesticus 48 Immature 1-10 Mature 
I I  48 Immature 0 Control 
I I  26 d 0 0 
I I  48 9 0 0 
I I  28 d 0 0 
I I  48 d 1-10 0 
I I  48 d 1-10 Immature 
I I  48 d 1-10 Mature 
I t  40 ? 1-10 Mature 
TABLE 8. (Continued) 
Hosts 
Parus atricapillus 
Pheucticus ludovicianus 
Cvanocitta cristata 
I I  
I I  
Toxostoma rufum 
I I  
Troglodytes aedon 
I I  
Quiscalus quiscula 
I I  
Turdus migratori us 
ORDER:PICIFORMES 
Col aptes auratus 
ORDERrCOLUMBIFORMES 
Streptopelia risorici 
Age of 
infection 
(hrs) 
Host 
sex 
11 
54 
24 
48 
54 
A1 
in 
38 
38 
24 
72 
48 
3(i 
24 
48 
48 
48 
48 
48 
9 
d 
d 
d 
d 
9 
â 
Immature 
Immature 
d 
â Immature 
d 
« 
9 
d 
d 
9 
Numbers of State of Laboratory 
specimens sexual maintenance 
recovered maturity of life cycle 
1-10 
100+ 
25-50 
25-50 
0 
1-10 
50-100 
10-25 
0 
10-25 
0 
0 
1-10 
100+ 
1-10 
50-100 
25-50 
0 
0 
Mature 
Gravid 
Mature 
Mature 
0 
Gravid 
Mature 
Gravid 
Control 
Mature 
0 
0 
Mature 
Mature 
Gravid 
Gravid 
Gravid 
0 
0 
TABLE 8. (Continued) 
Age of Numbers of State of Laboratory 
infection Host specimens sexual maintenance 
Hosts (hrs) sex recovered maturity of life cycle 
Streptopelia risoria 48 9 0 0 
I I  48 Ô 0 0 
I I  48 6 0 0 
Zenaidura macroura 24 9 1-10 Mature 
ORDER:ANSERIFORMES 
Anas platyrhynchos 
I I  
24 9 1-10 Gravid 
48 9 1-10 Gravid 
I I  48 9 1-10 Gravid 
I I  48 9 50-100 Gravid 
I I  48 Ô 1-10 Gravid 
I I  48 Ô 10-2!) Gravid 
Table 9. Mammalian hosts fed sunfish livers naturally infected with metacercariae of P.- minimum 
Hosts 
Age of 
infection 
(hrs) 
Host 
sex 
Numbers of 
specimens 
recovered 
State of 
sexual 
maturity 
Laboratory 
maintenance 
of life cycle 
ORDERrRODENTIA 
Ci tel lus tridecemlineatus 72 â 0 0 
Peromyscus leucopus 
1 1  
I I  
22 
36 
28 
9 
9 
â 
10-25 
0 
1-10 
Mature 
0 
Mature 
Tamiasciurus hudsonicus 72 9 0 0 
Tamias striatus 
i i  
42 
44 
48 
ô 
6 
Immature 
0 
1-10 
1-10 
0 
Mature 
Mature 
Ondatra zibethicus 48 9 100+ Gravid 
ORDER:LAGOMORPHA 
Oryctolaqus cuniculus 48 â 25-50 Gravid 
ORDER;INSECTIVORA 
Blarina brevicauda 
I I  
57 
22 
â 
6 
1-10 
100+ 
Mature 
Mature 
ORDER .-MARSUPIALIS 
Didel phi s marsupial is 
I I  
36 
48 
9 
9 
100+ 
100+ 
Gravid 
Gravid 
ORDER:CARNIVORA 
Mustela erminea 24 Ô 50-100 Mature 
Table 10. Total number of vertebrate hosts exposed to fish livers experimentally infected 
with metacercariae of P.. minimum 
Class Positive Negative No. species Total no. hosts 
Amphibians 17 4 4 21 
Reptiles 8 2 3 10 
Birds 18 9 8 27 
Mammals 13 9 6 22 
TOTAL 56 24 21 80 
Table 11. Amphibian hosts fed sunfish livers experimentally infected with metacercariae of 
P. minimum 
ORDERrURODELA 
Eurycea bislineata 
I I  
I t  
I I  
I I  
Ambystoma tigrinum 
I I  
I I  
I I  
I I  
I I  
H 
11 
ORDER:ANURA 
Bufo americanus 
I I  
I I  
I I  
I I  
Rana pipiens 
I I  
I I  
I I  
I I  
I I  
I I  
Age of 
infection 
(hrs) 
Host 
sex 
Number of 
specimens 
recovered 
State of 
sexual 
maturity 
Laboratory 
maintenance 
of life cycle 
72 
72 
72 
72 
72 
d 
9 
d 
9 
9 
1-10 
1-10 
1-10 
0 
0 
Gravid 
Mature 
Mature 
0 
0 
72 
72 
72 
72 
72 
72 
72 
72 
â 
â 
9 
d 
d 
9 
9 
9 
50-100 
25-50 
50-100 
1-10 
1-10 
0 
0 
0 
Mature 
Gravid 
Mature 
Mature 
Mature 
0 
0 
0 
72 â 25-50 Mature 
72 â 1-10 Mature 
72 9 0 0 
72 9 0 0 
72 9 0 0 
72 9 25-50 Gravid 
72 â 10-25 Mature 
72 9 25-50 Gravid 
72 9 10-25 Gravid Eggs did not 
72 9 25-50 Gravid hatch 
72 â 25-50 Mature 
72 9 1-10 Gravid 
Table 12. Reptilian hosts fed sunfish livers experimentally infected with metacercariae of 
P. minimum 
Age of Numbers of State of Laboratory 
infection Host specimens sexual maintenance 
Hosts (hrs) sex recovered maturity of life cycle 
ORDERrCHELONIA 
Chrysemys pi eta 48 9 1-10 Gravid 11 72 9 1-10 Mature 
I I  72 d 1-10 Gravid Egg -> Cercariae 
ORDER:SQUAMATA 
Thamnophis radix 48 9 100+ Mature 
I I  72 9 100+ Mature 
I I  72 9 25-50 Mature 
I I  72 Immature 1-10 Mature 
I I  72 Immature 1-10 Gravid 
Iguana iguana 48 â 1-10 Mature 
I I  72 â 0 0 
Table 13. Avian hosts fed sunfish livers experimentally infected with metacercariae of 
P. minimum 
Age of Number of State of Laboratory 
infection Host specimens sexual maintenance 
Hosts (hrs) sex recovered maturity of life cycle 
ORDER:GALLI FORMES 
Gal lus domesticus 9(5 6  100+ Gravid Egg+Cercariae 
• ' W  9(5 6  100+ Gravie Egg+Cercariae 
n 9(5 d  1-10 Gravid Egg+Cercariae II 9(5 6  1-10 Gravid Egg+Cercariae II 9(5 d  1-10 Gravid Egg->Cercariae II 9(5 â  25-50 Gravid Egg+Cercariae II 9(5 â  100+ Gravid EggrCercariae II 9(5 â  100+ Gravid Egg+Cercariae 
I I  9(5 d  100+ Gravid Egg+Adult+ 
Cercariae 
Meleaqris qallopavo 48 â  25-50 Mature 
I I  • "  48 â  25-50 Mature 
ORDER rPASSERI FORME'S 
Quiscalus quiscula 7?. d  0 0 
I I  7 2  â  0 0 
I I  7 2  â  0 0 
I I  7 2  ô  0 0 
Richmondena cardinalis 7 2  d 0 0 
I I  7 2  9  0 0 
ORDERrCHARADRIIFORMES 
Larus arqentatus 7 2  â  100+ Gravid Egg^tgg 
TABLE 13. (Continued) 
Age of Number of State of Laboratory 
infection Host specimens sexual maintenance 
Hosts (hrs) sex recovered maturity of life cycle 
ORDERrCOLUMBI FORMES 
Streptopelia risoria 48 d  1-10 Gravid 
I I  48 9 1-10 Mature 
I I  48 9 1-10 Gravid Egg+Adult+Egg 
Columba livia 48 â  25-50 Gravid 
— II 72 Ô  1-10 Gravid 
I I  72 d  1-10 Gravid 
I I  72 Ô  1-10 Gravid 
I I  72 d 0 0 
Zenaidura macroura 72 Ô  1-10 Gravid 
Table 14. Mammalian hosts fed sunfish livers experimentally infected with metacercariae of 
P. minimum 
ORDERrRODENTIA 
Mus musculus 
Age of 
infection 
(hrs) 
72 
72 
72 
72 
72 
Host 
sex 
5 
9 
6 
* 
9 
Number of 
specimens 
recovered 
State of 
sexual 
maturity 
1-10 
0 
0 
0 
0 
Mature 
0 
0 
0 
0 
Laboratory 
maintenance 
of life cycle 
Meriones unguiculatus 48 
72 
72 
72 
72 
72 
Ô 
9 
6 
9 
â  
â 
1-10 
0 
10-25 
25-50 
25-50 
25-50 
Gravid 
0 
Gravid 
Gravid 
Gravid 
Gravid 
Ci tel lus tridecemlineatus 72 
72 
72 
72 
d  
d 
9 
9 
0 
0 
0 
0 
0 
0 
0 
0 
ORDER:LAG0M0RPHA 
Oryctolaqus cuniculus 72 
72. 
72 
d  
â 
d  
1-10 
1-10 
0 
Gravid 
Gravid 
0 
ORDER:CARNIV0RA 
Felis catus 72 
72 
d 
â  
25-50 
25-50 
Gravid 
Gravid 
Eggs^Miracidium 
Canis familiaris 
I I  
7?. 
72 
Ô 
â  
1-10 
1-10 
Mature 
Mature 
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Table 15. Individual variables used in measurements 
Abbreviation Variable 
AALXAW Acetabulum (length x width) 
AATLXATW Anterior testis (length x width) 
ACEINDL Acetabular index (acetabulum length:body length) 
ADEINDW Acetabular index (acetabulum width:body width) 
AELMXEWM Mean egg length x mean egg width 
AHLXHW Holdfast (length x width) 
AL Acetabulum length 
AOLXOW Ovary (length x width) 
AOSLXOSW Oral sucker (length x width) 
APBLXPBW Body (length x width) 
APTLXPTW Posterior testis (length x width) 
ATL Anterior testis length 
ATW Anterior testis width 
AW Acetabulum width 
DAA Distance from anterior end to anterior margin or 
acetabulum 
DPP Distance from posterior of acetabulum to posterior of 
hindbody 
EL Egg 1ength 
ELM Egg length (mean) 
EW Egg width 
EWM Egg width (mean) 
HC Host class 
nL Holdfast length 
HW Holdfast width 
HS Host sex 
HYC Category (experimental = 1; natural experimental = 2; 
natural = 3) 
ID Genus and/or species within a given vertebrate class 
N Number of hosts within a given vertebrate class 
Table 15. (Continued) 
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Abbreviation Variable 
NW Number of worms recovered from any given host 
OL Ovary length 
OSL Oral sucker length 
OSW Oral sucker width 
OT Oral sucker type (1, 2, or 3) 
OW Ovary wi dth 
PBL Body length 
PBW Body width 
PO Position of ovary relative to anterior testis 
PTL Posterior testis length 
PTW Posterior testis width 
RALAW Acetabulum (length:width) 
RATLATW Anterior testis (length:width) 
RATXXPT Cross sectional area of anterior testis :cross 
sectional area of posterior testis 
RDAADPP DAA:DPP 
RCLncwn Mean egg length:iricàri egg width 
RHLHW Holdfast (length:width) 
ROLOW Ovary (length:width) 
ROSLOSW Oral sucker (length:width) 
ROSXXA Cross sectional area of oral sucker to cross 
sectional area of acetabulum 
RPBLPBW Body (length:width) 
RPTLPTW Posterior testis (length:width) 
TN Testes number (0-2) 
VP Vitelline distribution 
WN Number of worms/host 
85 
Table 16. Sets of variables used in measurements according to 
structural features of adult minimum (see Table 15 
for explanation of abbreviations') 
BODY MEASUREMENTS 
PBL 
PBW 
DAA 
DPP 
RDAADPP 
ORGANS OF ATTACHMENT 
Oral Sucker Measurements 
OSL 
OSW 
OT 
AOSLXOSW 
ROSLOSW 
ROSXXA 
Acetabulum Measurements 
AL 
AW 
AALXAW 
RALAW 
ACEINDL 
ACEINDW 
Holdfast Measurements 
HL 
HW 
AHLXHW 
RHLHW 
Testes Measurements 
ATL 
ATW 
PTL 
PTW 
TN 
AATLXATW 
RATLATW 
APTLXPTW 
RPTLPTW 
RATXXPT 
Egg Measurements 
EL 
EW 
ELM 
EWM 
RELMEWM 
AELMXEWM 
Vitelline Distribution 
VD 
I Aftir>/Mio r-A/*"mr>c riiOvcLLMiicuuo rnuiur\b 
HC 
ID 
N 
HYC 
HS 
NW 
ORGANS OF REPRODUCTION 
Ovary Measurements 
OL 
OW 
PO 
AOLXOW 
ROLOW 
Table 17. Statistical analysis of body measurements of P.. minimum from 
experimental definitive hosts* 
Mean of combined Standard Means 
Variable classes deviation Amphibia Reptilia Aves Mammalia 
PBL 0.534 0.083 0.517 0.435 0.614 0.589 
PBW 0.273 0.043 0.269 0.230 0.288 0.296 
DAA 0.188 0.056 0.203 0.120 0.210 0.184 
DPP 0.260 0.067 0.243 0.198 0.321 0.279 
RDAADPP 0.735 0.238 0.867 0.554 0.664 0.634 
* All measurements in ran 
° See footnote page 34 in this and all subsequent tables 
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Percentage of total variance ascribed to: 
P-valueO Classes Genera Species Individuals 
.10 17.58 38.62 10.94 32.85 
None 8.13 28.24 8.18 55.45 
None 4.60 37.31 13.53 44.89 
.05 18.40 15.13 14.34 52.13 
.10 12.59 18.68 13.36 55.37 
Table 17. (Continued) 
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Percent of total variance ascribed to: 
Variable Genera Species Individuals Class P-value® 
PBL Amphibia 
Repti1i a 
Aves 
Mammalia 
39.00 
67.40 
44.54 
20.71 
PBW Amphibia 
Reptilia 
Aves 
Mammalia 
12.89 
58.94 
42.36 
23.12 
DAA Amphibia 
Reptilia 
Aves 
Mammalia 
47.55 
69.12 
28.38 
0.0 
DPP Amphibia 
Reptilia 
Aves 
Mammalia 
6.22 
52.72 
34.26 
0.0 
RDAADPP Amphibia 
Reptilia 
Aves 
Ma mmAlia 
27.33 
18.45 
5.98 
24.99 
9.75 51.25 .01 
12.96 19.64 .05 
25.96 29.80 .05 
7.86 71.42 .10 
0.0 87.11 .01 
16.54 24.53 .01 
14.60 43.05 .05 
20.56 56.32 None 
11.10 41.35 .01 
9.98 20.91 .01 
22.25 49.38 .01 
17.77 82.23 None 
3.01 90.77 .01 
17.39 29.89 .01 
27.37 38.37 .01 
27.86 72.14 None 
6.44 66.24 .01 
45.46 36.09 None 
3.53 90.49 None 
17.12 57.88 .10 
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Table 18. Important correlations of variables of minimum from 
experimental definitive hosts 
Important Correlations* 
Individual classes 
Variable Amphibia Reptilia Aves Mammalia 
PBL ACEINDW 
PBW ACEINDW 
DAA PBL 
RPBLPBW 
RPBLPBW 
DPP None 
*(-) = negative correlations 
HW RHLHW ATL 
HL DAA PTL 
OL DPP HL 
OW AHLXHW 
PTL APTLXPTW 
PTW AATLXATW 
AHLXHW 
ACEINDL 
ACEINDW 
OSL ATW ATL 
OSW APTLXPTW ATW 
PTL AATLXATW RATLATW 
PTW OSL ACEINDW 
HL ELM 
HW EWM 
ACEINDL AELMXEWM 
ACEINDW 
HL (-)ACEINDL AL 
HW PBL RA LA W 
ATW 
PTW 
PTL 
ACEINDL 
ACEINDW 
OL 
OW 
ROLOW 
OSL ATL AL 
OSW PTL RALAW 
ATL APTLXPTW ROSWAW 
PTL 
PTW 
AATLXATW 
APTLXPTW 
RPTLPTW 
HL 
HW 
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Table 18. (Continued) 
Important Correlations 
Individual classes 
Variable Amphibia Reptilia Aves Mammalia 
RDAADPP DAA PTW None None 
ATW 
OL 
OW 
ROLOW 
AHLXHW 
HL 
HW 
Table 19. Statistical analysis of oral sucker measurements of P.. minimum 
from experimental definitive hosts* 
Mean of combined Standard Means 
Variable classes deviation Amphibia Reptilia Aves Mammalia 
OSL 0.033 0.010 0.029 0.028 0.038 0.036 
OSW 0.028 0.009 0.026 0.025 0.031 0.029 
AOSLXOSW 0.001 0.001 0.001 0.001 0.001 0.001 
ROSLOSW 1.109 0.393 1.045 0.946 1.232 1.244 
ROSXXA 0.524 1.552 0.684 0.388 0.429 0.371 
* All measurements in mm 
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Percentage of total variance ascribed to: 
P-value" Classes Genera Speci es Individuals 
.05 8.49 10.64 9.69 71.18 
None 0.0 15.05 16.05 68.90 
None 1.42 14.31 19.08 65.20 
None 5.22 4.39 12.45 77.93 
None 0.0 11.23 0.0 88.77 
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Table 19. (Continued) 
Percent of total variance ascribed to: 
Variable Genera Species Individuals Class P-valueO 
OSL Amphibia 10.77 2.45 86.78 .01 
Reptilia 21.03 25.84 53.13 None 
Aves 24.49 11.64 63.87 .10 
Mammalia 0.0 4.29 95.71 None 
OSW Amphibia 0.0 7.83 92.17 None 
Reptilia 49.32 24.75 25.93 .05 
Aves 2.57 32.04 65.39 None 
Mbmmalia 0.0 2.16 97.84 None 
AOSLXOSW Amphibia 4.48 3.74 91.78 None 
Reptilia 32.63 36.48 30.89 .10 
Aves 23.18 14.65 62.17 .10 
Mammalia 1.58 0.0 98.42 None 
ROSLOSW Amphibia 15.28 7.54 77.18 .05 
Reptilia 0.0 20.22 79.78 None 
Aves 0.0 44.74 55.26 None 
Mammalia 0.0 8.16 91.84 None 
ROSXXA Amphibia 11.56 0.0 88.44 .01 
Reptilia 44.83 13.64 41.53 .05 
Aves 4.84 0.0 95.16 None 
rtoiiiiiia 1 la 17.74 17.99 64.72 Mnng 
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Table 20. Important correlations of variables of P^. minimum from 
experimental definitive hosts 
Important Correlati ons* 
Variable 
Individual classes 
Amphibia Reptilia Aves Mammalia 
OSL OSW PBW PBW None 
ACEINDL PBL 
ACEINOW ATL 
PTL 
ACEINDW 
RPBLPBW 
APTLXPTW 
OSW HL PBW None None 
DPP 
HL 
HW 
RHLXHW 
RATXXPT 
ACEINDL 
ACEINDW 
AOSLXOSW OSW PBL None None 
ROSLOSW PBW 
DPP 
ACEINDL 
ACEINDW 
ont Ai.i iSuuv/iv 
RHLHW 
AHLHW 
APBLXPBW 
ROSXXA Aw PBW AL None 
ATL HL AW 
AATLXATW HW AALXAW 
(-)ACEINDL ATW (-)ACEINDW 
PTW 
AHLXHW 
ACEINDL 
ACEINDW 
RATXXPT 
*(-) = negative correlations 
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Table 21. Oral sucker types (see Plate IX, Figs. 42-47) 
Exp. Nat. 
FISH 
Class :Osteichthyes 
Order:Perciformes 
Micropterus dolomieu dolomieu Lacepede 
Micropterus salmoides (Lacépêde) 
Lepomis qibbosus (Linnaeus) 
Perca flavescens (Mitchill) 
AMPHIBIANS 
Class:Amphibia 
Order:Anura 
Bufo americanus Hoi brook 1&2 
Rana pipiens 0,1&2 1&2 
OrderiUrodela 
Ambystoma tigrinum (Green) 0,1&2 2 
Eurycea bislineata (Green) 1&2 
REPTILES 
ClasszReptilia 
Order:CheIonia 
Chrysemys pieta (Schneider) 0,1&2 1&2 
Order:Squamata 
Iguana iguana Laurenti 1 1&2 
Thamnophis radix (Baird and Girard) 0,1&2 1&2 
Thamnophis sirtalis (Linnaeus) 
BIRDS 
Class:Aves 
Order :Anseri formes 
Anas platyrhynchos Linnaeus 2 
Order :Charadri  formes 
Larus delawarensis Ord 
Larus arqentatus Faber 1 
Sterna forsteri Nuttall 1 
Order : Ci coni  formes 
Ardea herodias Linnaeus 
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Table 21. (Continued) 
Exp. Nat. 
Order: Co1umbi formes 
Columba livia Gmelin 1 
Streptopelia risoria (Linnaeus) 
Zenaidura macroura (Linnaeus) 1 1 
Order : Galliformes 
Gal lus domestieus Var. Dom. 1 1 
Melaqris gallopavo Linnaeus 1 
Order:Passeri formes 
Cyanocitta cristata (Linnaeus) 1&2 
Parus atricapillus Linnaeus 1 
Passer domesticus (Linnaeus) 1&2 
Pheucticus ludovicianus Linnaeus 1 
Quiscalus quiscula (Linnaeus) 
Richmondena cardinal is (Linnaeus) 
Toxostoma rufum (Linnaeus) 1 
Troglodytes aedon Vieillot 1 
Turdus migratorius Linnaeus 1 
Order : Piciformes 
Colaptes auratus (Linnaeus) 
MAMMALS 
r iacf.Mamma l is 
w • V» w ^  * • #»###*#*%* $ * 
OrderrCarnivora 
Canis familiaris Linnaeus 1 
Felis £àius. Linnaeus 1&2 
Mustela erminea Linnaeus 1&2 
Order:Insectivora 
Blarina brevicauda (Say) 1&2 
Order:Lagomorpha 
Oryctolaqus cuniculus Lillyjeborq 1 
Order:Marsupialis 
Didelphis marsupial is Linnaeus 1 
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Table 21. (Continued) 
Exp. Nat. 
Order:Rodentia 
Citellus tridecemlineatus (Mitchell) 
Meriones unquiculatus Milne-Edwards 1&2 
Mus musculus Linnaeus 1 1 
Ondatra zibethicus (Linnaeus) 
Peromyscus leucopus (Rafinesque) 1&2 
Tamias striatus (Linnaeus) 1 
Tamiasciurus hudsonicus (Erxleben) 
Table 22. Statistical analysis of acetabulum measurements of minimum 
from experimental definitive hosts* 
Variable 
Mean of combined 
classes 
Standard 
deviation Amphibia 
Means 
Reptilia Aves Mammalia 
AL 0.047 0.009 0.046 0.049 0.049 0.047 
AW 0.054 0.010 0.050 0.050 0.060 0.058 
AALXAW 0.003 0.001 0.002 0.002 0.003 0.002 
RALAW 0.888 0.193 0.929 0.969 0.832 0.794 
ACEINDL 0.095 0.024 0.090 0.142 0.083 0.081 
ACEINDW 0.205 0.045 0.191 0.237 0.212 0.202 
ROSXXA 0.524 1.552 0.684 0.388 0.429 0.371 
* All measurements in mm 
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Percentage of total variance ascribed to: 
P-value° Classes Genera Speci es Individuals 
None 0.0 18.77 18.87 67.36 
.05 13.82 7.74 15.22 63.22 
None 5.53 14.91 18.69 60.87 
.05 8.11 7.81 6.28 77.79 
.05 26.44 17.81 21.20 34.55 
None 0.77 22.13 17.45 59.65 
.01 0.0 11.23 0.0 88.77 
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Table 22. (Continued) 
Percent of total variance ascribed to: 
Variable Genera Species Individuals Class P-v 
AL Amphibia. 29.32 3.41 67.27 .01 
Reptilia 0.0 54.19 45.81 None 
Aves 35.16 0.57 54.28 .05 
Mammalia 3.51 24.69 71.80 None 
AW Amphibia 20.39 5.76 73.85 .01 
Reptilia 0.0 36.42 63.58 None 
Aves 14.20 8.18 77.62 None 
Mammalia 0.0 27.01 72.99 None 
AALXAW Amphibia 27.16 7.85 64.99 .01 
Reptilia 0.0 52.81 47.19 None 
Aves 25-64 5.09 69.27 .05 
Mammalia 2.49 33.55 63.96 None 
RALAW Amphibia 15.35 3.57 81.08 .01 
Repti1i a 0.0 4.75 95.25 None 
Aves 15.01 0.0 84.99 .10 
Mammalia 0.0 14.09 85.91 None 
ACEINDL Amphibia 17.49 1.11 81.40 .01 
Reptilia 33.79 42.71 23.50 None 
Aves 19.88 11.86 68.26 .10 
Mammalia 19.43 0.0 80.57 .05 
ACEINDW Amphibia 25.12 0.0 74.88 .01 
Reptilia 36.45 36.54 29.01 None 
Aves 6.59 0.0 93.41 None 
Mammalia 15.82 28.01 56.18 None 
ROSXXA Amphibia 11.56 0.0 88.44 .01 
Reptilia 44.83 13.64 41.53 .05 
Aves 4.84 0.0 95 = 16 None 
Manmalia 17.74 17.99 64.27 None 
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Table 23. Important correlations of variables of P^. minimum from 
experimental definitive hosts 
Variable 
Important Correlations* 
Amphibia 
Individual classes 
Reptilia Aves Mammalia 
AL 
AW 
AALXAW 
RALAW 
ACEINDL 
ACEINDW 
ACEINDL 
ACEINDW 
ACEINDW 
None 
ACEINDL 
None 
None 
PBL 
PBW 
RPBLPBW 
AELMXEWM 
None 
None 
-)PBL 
-)PBW 
-)DAA 
-)DPP 
DSL 
OSW 
-)HL 
-1 nW 
-)0L 
-)0W 
-)ATW 
-)PTL 
-)PTW 
-)APBLXPBW 
AOSLXOSW 
-)AHLXHW 
-)RATXXPT 
-)RPTLPTW 
-)AATLXATW 
-)ROLOW 
-)PBL 
-)PBW 
-)DAA 
(-)ROSXXA 
ACEINDW 
(-)ROSXXA 
ACEINDW 
(-)ROSXXA 
(-) ACEINDW 
PBL 
RPBLPBW 
DAA 
DPP 
TOSXXA 
DAA 
DPP 
RHLHW 
ACEINDL 
ACEINDL 
ACEINDW 
ACEINDL 
DAA 
DPP 
ACEINDL 
RHLHW 
PBW 
(-) = negative correlation 
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Table 23. (Continued) 
Important Correlations 
Individual classes 
Variable Amphibia Reptilia Aves Mammalia 
ACEINDW None (-)DPP None None 
(cont) OSL 
OSW 
(-)HL 
(-)HW 
(0)0L 
(-)OW 
(-)ATL 
(-)PTL 
(-)PTW 
(-)APBLXPBW 
AOSLXOSW 
(-)RATXXPT 
(-)RPTLPTW 
(-)AATLXATW 
(-)ROLOW 
Table 24. Statistical analysis of holdfast organ measurements of 
minimum from experimental definitive hosts* 
Mean of combined Standard Means 
Variable classes deviation Amphibia Reptilia Aves Mammalia 
HL 0.090 0.018 0.087 0.060 0.106 0.104 
HW 0.106 0.019 0.104 0.072 0.127 0.116 
AHLXHW 0.010 0.003 0.009 0.005 0.014 0.012 
RHLHW 0.841 0.245 0.854 0.672 0.872 0.912 
* All measurements in mm 
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Percentage of total variance ascribed to: 
P-value° Classes Genera Species Individuals 
.01 32.38 11.14 18.97 37.51 
.05 24.21 26.31 19.37 30.11 
.01 29.18 18.84 7.47 44.51 
None 4.69 2.99 23.10 69.22 
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Table 24. (Continued) 
Percent of total variance ascribed to: 
Variable Genera Species Individuals Class P-valueP 
HL Amphibia 13.65 0.0 86.35 .01 
Reptilia 11.87 66.95 21.18 None 
Aves 4.68 20.07 72.25 None 
Mammalia 49.65 0.0 50.35 None 
HW Amphibia 9.34 0.0 90.66 .01 
Reptilia 25.76 58.49 15.75 None 
Aves 68.54 4.43 27.02 .01 
Mammalia 28.47 0.0 71.53 .01 
AHLXHW Amphibia 35.32 46.20 18.48 None 
Reptilia 30.32 46.20 18.48 None 
Aves 26.82 14.13 15.05 .10 
Mammalia 46.72 0.0 53.28 .01 
RHLHW Amphibia 0.0 70.11 29.89 .05 
Reptilia 35.32 46.20 18.48 None 
Aves 67.91 0.02 32.06 .01 
Mammalia 20.94 0.0 79.06 .01 
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Table 25. Important correlations of variables of P^. minimum from 
experimental definitive hosts. 
Important Correlations* 
Variable Amphibia 
Individual classes 
Reptilia Aves Mammalia 
HL PBL PBC 
PBW 
DAA 
DPP 
ATW 
PTW 
APBLXPBW 
ADSLXOSW 
ROLOW 
(-)OSW 
ACEINDL 
ACEINDW 
OL 
DL 
AATLXATW 
RDAADPP 
APBLXPBW PBW 
PTL 
APTLXPT 
HW None PBL 
PBW 
DAA 
DPP 
(-)OSW 
OL 
OW 
ATW 
PTL 
PTW 
APBLXPBW 
RPBLPBW 
(-)ACEINDL 
(-)ACEINDW 
ROLOW 
RDAADPP 
APTLXPTW 
AATLXATW 
None None 
AHLXHW None PBL 
PBW 
DAA 
None PBL 
PTL 
APTLXPTW 
*(-) = negative correlations 
Table 25. (Continued) 
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Important Correlations 
Individual classes 
Variable Amphibia Reptilia Aves Mammalia 
AHLXHW 
(cont) 
None DPP 
OL 
OW 
OSW 
ATW 
DTL 
DTW 
APBLXPBW 
RPBLXDBW 
(-)ACEINDL 
(-)ACEINDW 
(-)ADSLXOSW 
ROLOW 
AATLXATW 
APTLXPTW 
RATXXPT 
ROSXXA 
RDAADPP 
None None 
RHLHW None OSW 
OL 
OW 
PTW 
(-)AOSLXOSW 
ROLOW 
RATXXPT 
(-)ACEINDL 
(-)ACEINDW 
PEL 
DPP 
APBLXPBW 
ACEINDL 
AL 
Table 26. Statistical analysis of ovary measurements of P^. minimum 
from experimental definitive hosts* 
Mean of combined Standard Means 
Variable classes deviation Amphibia Reptilia Aves Mairanalia 
OL 0.027 0.007 0.029 0.013 0.031 0.030 
OW 0.029 0.008 0.030 0.014 0.033 0.031 
AOLXOW 0.001 0.001 0.001 0.001 0.001 0.001 
ROLOW 0.882 0.241 0.930 0.542 0.940 0.976 
* All measurements in mm 
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Percentage of total variance ascribed to: 
P-valueO Classes Genera Species Individuals 
.01 39.22 3.35 11.15 ' 46.28 
.01 38.45 7.53 10.02 44.00 
.05 23.11 19.45 6.98 50.46 
.01 26.98 0.0 19.71 53.31 
no  
Table 26. (Continued) 
Variable 
Percent of total variance ascribed to: 
Genera Speci es Individuals Class P-valueO 
OL Amphibia 11.86 1.52 86.62 .01 
Reptilia 4.67 41.45 . 53.78 None 
Aves 0.0 33.29 66.71 None 
Mammalia 0.0 25.48 74.52 None 
OW Amphibia 12.83 4.76 82.41 .01 
Reptilia 11.20 36.80 52.00 .05 
Aves 43.45 14.67 41.88 .05 
Mammalia 13.40 0.0 86.60 .01 
AOLXOW Amphibia 25.82 5.31 68.87 .01 
Reptilia 38.19 17.02 46.79 .10 
Aves 15.86 27.25 56.89 None 
Mammalia 11.20 2.22 86.58 .10 
ROLOW Amphibia 0.0 8.70 91.30 None 
Reptilia 0.0 40.48 59.52 None 
Aves 15.13 15.87 69.00 .10 
Mammalia 0.0 17.61 82.39 None 
°See footnote, page 34 
i n  
Table 27. Important correlations of variables of P^. minimum from 
experimental definitive hosts 
Important Correlations* 
Variable Amphibia 
Individual classes 
Reptilia Aves Mammalia 
OL None 
OW None 
AOLXOW None 
ROLOW None 
PBL 
DAA 
HL 
HW 
ATW 
PTW 
RPBLPBW 
AHLXHW 
RHLHW 
RDAADPP 
RATXXDT 
(-)ACEINDL 
(-)ACEINDW 
RDAADPP 
PBL 
DAA 
HL 
HW 
PTW 
AHLHW 
RHLHW 
pui_uu 
RDAADPP 
RATXXPT 
(-)ACEINDL 
(-)ACEINDW 
PBL 
DAA 
HL 
PTW 
RPBLPBW 
AHLXHW 
PBL 
DAA 
HL 
HW 
PTW 
None None 
None None 
None None 
None None 
*(-) = negative correlation 
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Table 28. Variation in ovary position (see Plate XII) 
Exp. Nat. 
FISH 
Cl ass :Ostei chthyes 
Order:Perciformes 
Micropterus dolomieu dolomieu Lacépède 
Micropterus salmoides (Lacépède) 
Lepomis gibbosus (Linnaeus) 
Perça flavescens (Mitchill) 
AMPHIBIANS 
Cl ass:Amphibia 
Order:Anura 
Bufo americanus Holbrook 1,4 
Rana pi piens Schreber 0,1,4,5 1,4 
OrderiUrodela 
Ambystoma tigrinum (Green) 0,1,4 1,4 
Eurycea bislineata (Green) 0,1,2,4 
REPTILES 
Class: Reptilia 
Order:Chelonia 
Chrysemys picta (Schneider) 0,1,4 0,1,4 
Order:Squamata 
Iguana iguana Laurenti 1,4 OJ A 
Thamnophis radix (Baird and Girard) 0,1,3,4 0,1,4 
Thamnophis sirtalis (Linnaeus) 
BIRDS 
Class:Aves 
Order:Anseriformes 
Anas platyrhynchos Linnaeus 1,4 
Order:Charadri iformes 
Larus delawarensis Ord 
Larus argentatus Faber 4 
Sterna forsteri Nuttall 
Order: Ci conii formes 
Ardea herodias Linnaeus 
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Table 28. (Continued) 
Exp. Nat. 
Order: Columbiformes 
Columba livia Gmelin 1 
Streptopelia risoria (Linnaeus) 4 
Zenaidura macroura (Linnaeus) 4 1,2 
Order:Galliformes 
Gall us domesticus Var. Dom. 4 4 
Meleaqris gallopavo Linnaeus 1 
Order :Passeri formes 
Cyanocitta cristata (Linnaeus) 4 
Parus atricapillus Linnaeus 4 
Passer domesticus (Linnaeus) 0,1,5 
Pheucticus ludovicianus Linnaeus 2 
Qui seal us qui seul a (Linnaeus) 
Richmondena cardinal is (Linnaeus) 
Toxostoma rufum (Linnaeus) 6 
Troglodytes aedon Vieillot 4 
Turdus miqratorius Linnaeus 0,1 
Order;Piciformes 
Colaptes auratus (Linnaeus) 2,4 
MAMMALS 
Class:Mammalia 
Order: Cam ivora 
Canis familiaris Linnaeus 4 
Felis catus Linnaeus 4 
Mustela erminea Linnaeus 0,4 
Order:Insecti vora 
Blarina brevicauda (Say) 0,4,5 
Order:Lagomorpha 
Oryctolaqus cuniculus Lillyjeborq 4 
Order:Marsupial is 
Didelphis marsupial is Linnaeus 4 
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Table 28. (Continued) 
Exp. Nat. 
OrderrRodentia 
Citell us tridecemlineatus (Mitchell) 
Meriones unquiculatus Milne-Edwards 2,4 
Mus musculus Linnaeus 4 
Ondatra zibethicus (Linnaeus) 4 
Peromyscus leucopus (Rafinesque) 0,4,5 
Tamias striatus (Linnaeus) 0,1,4 
Tamiasciurus hudsonicus (Erxleben) 
Table 29. Statistical analysis of testes measurements of minimum 
from experimental definitive hosts* 
Variable 
Mean of combined 
classes 
Standard 
deviation Amphibia 
Means 
Reptilia Aves Mammalia 
ATL 0.048 0.017 0.042 0.031 0.066 0.057 
ATW 0.150 0.056 0.136 0.087 0.198 0.182 
PTL 0.050 0.017 0.048 0.027 0.068 0.053 
PTW 0.138 0.072 0.123 0.079 0.036 0.167 
AATLXATW 0.008 0.004 0.006 0.002 0.013 0.010 
APTLXPTW 0.008 0.004 0.006 0.003 0.013 0.010 
RATLATW 0.355 0.153 0.332 0.446 0.338 0.352 
RPTLPTW 0.408 0.399 0.527 0.251 0.371 0.308 
RATXXPT 1.016 0.658 1.174 0.522 1.067 0.989 
* All measurements in mm 
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Percentage of total variance ascribed to: 
P-valueO Classes Genera Species Individuals 
.01 24.77 23.83 2.70 48.70 
.01 33.30 8.23 0.0 58.47 
.10 11.97 40.17 9.29 38.57 
.01 19.45 11.30 2.63 66.62 
.01 43.73 19.96 0.13 36.18 
.01 32.48 20.43 0.0 47.09 
None 0.0 17.92 21.36 60.72 
None 2.29 9.14 15.61 72.96 
.01 10.32 0.0 11.45 78.23 
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Table 29. (Continued) 
Percent of total variance ascribed to: 
Variable Genera Species Individuals Class P-value® 
ATL Amphibia 36.19 0.0 63.81 .10 
Reptilia 31.42 18.69 49.89 .10 
Aves 24.11 0.0 75.89 .05 
Mammalia 17.75 21.55 60.70 None 
ATW Amphibia 0.71 0.0 99.29 None 
Reptilia 0.31 53.55 46.14 .10 
Aves 23.48 21.89 54.63 .10 
Mammalia 58.33 21.26 20.41 .05 
PTL Amphibia 53.42 10.38 36.20 .01 
Reptilia 33.61 15.02 51.37 .05 
Aves 15.24 9.43 74.33 .10 
Mammalia 60.01 4.00 35.99 None 
PTW Amphibia 0.0 0.0 100.00 None 
Reptilia 8.73 50.94 40.33 None 
Aves 4.20 39.80 56.00 None 
Mammalia 76.80 10.30 12.90 .01 
AATLXATW Amphibia 29.07 0.0 70.93 .01 
Reptilia 59.22 4.84 35.94 .01 
Aves 29.26 12.48 58.26 .05 
Mammalia 
APTLXPTW Amphibia 13.69 0.0^ 86.31 .01 
Dan+ilia 35.51 6.48 58.01 .05 
Aves 16.88 23.90 59.22 .10 
Mammalia 63.93 5.36 30.71 .01 
RATLATW Amphibia 13.69 0.0 86.31 .01 
Reptilia 0.0 40.85 59.15 None 
Aves 1.31 0.0 98.69 None 
Mammalia 55.07 23.93 21.00 .05 
RPTLPTW Amphibia 11.96 13.03 75.01 .05 
Dûn4-*î lia • W « # # 20.33 20-71 58.96 None 
Aves 16.88 23.90 59.22 .10 
Mammlia 24.43 35.07 40.50 None 
RATXXPT Amphibia 0.0 10.14 89.86 None 
Reptilia 0.0 42.97 57.03 None 
Aves 16.77 0.0 83.23 .10 
Mammalia 55.19 5.74 39.07 .01 
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Table 30. Important correlations of variables of P_. minimum from 
experimental definitive hosts 
Important Correlations* 
Individual classes 
Variable Amphibia Reptilia Aves Mammalia 
ATL 
ATW 
ROSXXA 
None 
PTL AL 
PTW None 
DPP DPP 
PBL PBW 
PBW 
DAA 
HL 
HW 
OL 
AHLXHW 
(-)ACEINDL 
(-)ACEINDW 
(-)ROSXXA 
RDAADPP 
PBL DPP 
PBW 
DAA 
DPP 
HW 
AHLXHW 
(-)ACEINDL 
(-)ACEINDW 
PBL None 
PBW 
DAA 
DPP 
HL 
HW 
OL 
OW 
APBLXPBW 
(-)AOSLXOSW 
AHLXHW 
RHLHW 
ROLOW 
(-)ACEINDL 
(-)ACEINDW 
(-)ROSXXA 
RDAADPP 
PBL 
RPBLPBW 
PBW 
APBLXPBW 
EWM 
AELMXEWM 
RELMEWM 
PBL 
HL 
AHLXHW 
ELM 
PBW 
APBLXPBW 
ELM 
EWM 
AELMXEMW 
RELMEWM 
*(-) = negative correlation 
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Table 30. (Continued) 
Important Correlations 
Total for Individual classes 
Variable all classes Amphibia Reptilia Aves Mammalia 
AATLXATW DAA 
ROSLAL 
ROSXXA 
RATLATW None 
APTLXPTW None 
RPTLXPTW None 
PBL PBW PBL 
PBW APBLXPBW DAA 
DAA APBLXPBW 
DPP ELM 
HL EWM 
HW AELMEWM 
AHLXHW RELMEWM 
APBLYPBW 
RPBLPBW 
(-)ACEINDL 
(-)ACEINDW 
PBL None PBW 
PBW 
DAA 
DPP 
HW 
HL 
APBLXPBW 
AHLXHW 
(-)ACEINDL 
(-)ACEINDW 
PBL PBW PBW 
PBW DPP ELM 
DAA APBLXPBW EWM 
DPP RELMEWM 
HW AELMXEWM 
APBLXPBW HL 
AHLXHW APBLXPBW 
(-)ACEINDL 
PBL None None 
PBW 
DPP 
HW 
APBLXPBW 
(-)ACEINDL 
(-)ACEINDW 
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Table 31. Variations in testes number 
Exp. Nat. 
FISH 
Cl ass :Ostei chthyes 
Order:Perci formes 
Micropterus dolomieu dolomieu Lacépède 
Hicropterus salmoides (Lacépède) 
Lepomis qibbosus (Linnaeus) 
Perca flavescens (Mitchill) 
AMPHIBIANS 
CI ass:Amphibia 
Order:Anura 
Bufo americanus Hoi brook 
Rana pipi ens Schreber 
OrderrUrodela 
Ambystoma tigrinum (Green) 
Eurycea bislineata (Green) 
REPTILES 
Class:Reptilia 
OrderrChelonia 
Chrysemys pieta (Schneider) 
Order-.Squama ta 
lauana iouana Laurenti 
Thamnophis radix (Baird and Girard) 
Thamnophis sirtalis (Linnaeus) 
BIRDS 
Class:Aves 
Order:Anseriformes 
Anas platyrhynchos Linnaeus 
Order:Charadri  formes 
Larus delawarensis Ord 
Larus arqentatus Faber 
Sterna forsteri Nuttall 
2 
2 
2 
0 ,2  
1,2 
2 
1,2 
1,2 
1,2 
1 , 2  
0,1,2 
1,2 
Order :Ciconi  formes 
Ardea herodias Linnaeus 
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Table 31. (Continued) 
Exp. Nat. 
Order : Columbiformes 
Columba livia Gmelin 2 
Streptopelia risoria (Linnaeus) 2 
Zenaidura macroura (Linnaeus) 2 
Order :Ganiformes 
Gal 1 us domesticus 2 2 
Meleaqris qallopavo Linnaeus 2 
Order :Passeri formes 
Cyanocitta cristata (Linnaeus) 2 
Parus atricapillus Linnaeus 2 
Passer domesticus (Linnaeus) 0,1,2 
Pheucticus ludovicianus Linnaeus 2 
Qui seal us qui seula (Linnaeus) 
Richmondena cardinal is (Linnaeus) 
Toxostoma rufum (Linnaeus) 2 
Troglodytes aedon Vieillot 2 
Turdus migratorius Linnaeus 2 
Order:Pi ciformes 
Colaptes auratus (Linnaeus) 2 
MAMMALS 
m 3 c c • 14?^ 
I  I  I  CA 
Order: Cam ivora 
Canis familiaris Linnaeus 1,2 
Felis catus Linnaeus 2 
Mustela erminea Linnaeus 2 
Order:Insectivora 
Blarina brevicauda (Say) 0,2 
Oryctolaqus cuniculus Lillyjeborq 2 
Order :Marsupialis 
Pidel phis marsupial is Linnaeus 0,2 
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Table 31. (Continued) 
Exp. Nat. 
Order:Rodentia 
Citel lus tridecemlineatus (Mitchell) 
Meriones unguiculatus Milne-Edwards 2 
Mus musculus Linnaeus 2 
Ondatra zibethicus (Linnaeus) 2 
Peromyscus leucopus (Rafinesque) 2 
Tamias striatus (Linnaeus) 1,2 
Tamiasciurus hudsonicus (Erxleben) 
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Table 32. Variations in vitelline distribution (see Plate IX, Figs. 
48-50) 
Exp. Nat. 
FISH 
ClassrOsteichthyes 
Order:Perciformes 
Micropterus dolomieu dolomieu Lacepede 
Micropterus salmoides (Lacepede) 
Lepomis gibbosus (Linnaeus) 
Perca flavescens (Mitchill) 
AMPHIBIANS 
Class:Amphibia 
Order:Anura 
Bufo americanus Hoi brook 
Rana pi piens Schreber 
Order:L)rodela 
Ambystoma tigrinum (Green) 
Eurycea bislineata (Green) 
0,4 
0,4 
4 
0,1,4 
4 
4 
REPTILES 
Class:Reptilia 
Order:Chelonia 
Chrysemys pieta (Schneider) 4,5 
Order : Squamata 
xQuaPiQ 
Thamnophis radix (Baird and Girard) 
Thamnophis sirtalis (Linnaeus) 
l y jUQi iC i  L .CI UI  c i  I  V  X 4 
0,4,5 4,5 
0,1,5 
BIRDS 
Class:Aves 
Order:Anseri formes 
Anas platyrhynchos Linnaeus 
^ J  ^ ^ J «2  »  JS A WW»» M  ^  vr ucf • uriai aui i i ( ui mco 
Larus delawarensis Ord 
Larus argentatus Faber 
Sterna forsteri Nuttall 
4,5 
Order:Ciconi iformes 
Ardea herodias Linnaeus 
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Table 32. (Continued) 
Exp. Nat. 
Order :Columbiformes 
Columba livia Gmelin 4 
Streptopelia risoria (Linnaeus) 4,5 
Zenaidura tnacroura (Linnaeus) 4 4 
Order: Galliformes 
Gal lus domesticus Var. Dom. 5 4 
Melaqris qallopavo Linnaeus 1,5 
Order:Passeri formes 
Cyanocitta cristata (Linnaeus) 4 
Parus atricapillus Linnaeus 4 
Passer domesticus (Linnaeus) 0,4,5 
Pheucticus ludovicianus Linnaeus 4 
Qui seal us quiscula (Linnaeus) 
Richmondena cardinal is (Linnaeus) 
Toxostoma rufum (Linnaeus) 4 
Troglodytes aedon Vieillot 4,5 
Turdus miqratorius Linnaeus 4,5 
Order:Piciformes 
Col aptes auratus (Linnaeus) 4,5 
MAMMALS 
Class:Mammalla 
Order:Carnivora 
Canis familiaris Linnaeus 4 
Felis catus Linnaeus 4 
Mustela erminea Linnaeus 4 
Order:Insectivore 
Blarina brevicauda (Say) 0,4 
Order:Lagomorpha 
Oryctolaqus cuniculus Lillyjeborq 4 
Order:Marsupialis 
Didelphis marsupial is Linnaeus 4 
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Table 32. (Continued) 
Exp. Nat. 
Order:Rodentia 
Citell us tridecemlineatus (Mitchell) 
Meriones unquiculatus Milne-Edwards 0,1,4 
Mus musculus Linnaeus 4 
Ondatra zibethicus (Linnaeus) 4 
Peromyscus leucopus (Rafinesque) 4 
Tamias striatus (Linnaeus) 0,4 
Tamiasciurus hudsonicus (Erxleben) 
Table 33. Statistical analysis of egg measurements of £. minimum 
from experimental definitive hosts* 
Mean of combined Standard Means 
Variable classes deviation Amphibia Reptilia Aves Mammalia 
ELM 0.078 0.007 0.039 0.025 0.084 0.085 
EWM 0.003 0.054 0.028 0.020 0.058 0.057 
RELMEWM 1.445 0.095 1.329 1.266 1.449 1.481 
AELMXEWM 0.004 0.005 0.013 0.001 0.005 0.004 
* All measurements in mm 
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Percentage of total variance ascribed to: 
P-value" Classes Genera Species Individuals 
None 74.03 13.34 4.66 7.92 
None 82.44 0.0 11.50 6.06 
.05 0.0 43.20 25.66 31.14 
None 75.62 3.97 9.64 10.78 
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Table 33. (Continued) 
Percent of total variance ascribed to: 
Variable Genera Species Individuals Class P-valye® 
ELM Amphibia 98.75 0.0 1.25 .01 
Reptilia 96.12 3.02 0.86 .05 
Aves 31.82 3.00 65.18 .05 
Mammalia 0.0 44.05 55.95 .05 
EWN Amphibia 98.15 1.85 0.0 .01 
Reptilia 88.50 11.50 0.0 .05 
Aves 0.0 18.31 81.69 None 
Mammalia 0.0 76.10 23.90 None 
RELMEWM Amphibia 90.17 0.0 9.83 .01 
Reptilia 0.0 83.16 16.84 None 
Aves 16.79 4.85 78.36 None 
Mammalia 0.0 61.94 38.06 None 
AELMXEWM Amphibia 99.71 0.03 0.26 .01 
Reptilia 94.58 5.32 0.16 .01 
Aves 13.20 16.12 70.68 .05 
Manmalia 0.0 54.41 45.59 None 
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Table 34. Important correlations of variables of JP. minimum from 
experimental definitive hosts 
Important Correlations 
Total for Individual classes 
Variable all classes Amphibia Reptilia Aves Mammalia 
ELM None None None PBW 
ATW 
PTW 
PTL 
APBLXPBW 
AATLXATW 
EWM None AW None PBW 
AATLXATW 
ATW 
PTL 
PTW 
APBLXPBW 
APTLXPTL 
RELMEWM None None None ATW 
PTL 
PTW 
AATLXATW 
APTLXPTW 
AELMXEWM None None None PBW APiTi vn-rt i Mr IuArIn 
ATL 
APBLXPBW 
AATLXATW 
e 35. Statistical analysis of variables of 
Great Blue Heron Amphibia 
Variable Mean Standard Mean Standard 
Dev. Dev. 
BODY 
PBL 0.721 0.040 0.562 0.093 
PBW 0.357 0.041 0.281 0.048 
DM 0.176 0.035 0.199 0.061 
DPP 0.444 0.617 0.265 0.058 
RDAADPP 0.041 0.146 0.769 0.299 
ORAL SUCKER 
OSL 0.037 0.003 0.028 0.012 
OSW 0.029 0.000 0.023 0.010 
AOSLXOSW 0.001 0.000 0.001 0.000 
ROSLOSW 0.957 0.066 1.072 0.421 
ROSXXA 0.441 0.090 0.297 0.212 
ACETABULUM 
AL 0.047 0.013 0.051 0.006 
AW 0.073 0.003 0.053 0.005 
AALXAW 0.003 0.001 0.003 0.001 
RALAW 0.642 0.145 0.983 0.135 
ACEINDL 0.067 0.024 0.093 0.014 
ACEINDW 0.207 0.022 0.192 0.036 
HOLDFAST 
HL 0.109 0.002 0.094 0.013 
HW 0.104 0.006 0.111 0.012 
AHLXHW 0.011 0.000 0.101 0.001 
RHLHW 1.051 0.056 0.856 0.176 
. minimum from naturally infected definitive hosts* 
Reptilia Aves Mammalia 
Mean Standard Mean Standard Mean Standard 
Dev. Dev. Dev. 
0.495 0.124 0.708 0.168 0.569 0.203 
0.249 0.032 0.264 0.058 0.271 0.538 
0.164 0.060 0.278 0.084 0.199 0.073 
0.237 0.066 0.351 0.095 0.286 0.126 
0.711 0.192 0.813 0.222 0.741 0.207 
0.034 0.011 0.034 0.010 0.040 0.022 
0.027 0.011 0.028 0.008 0.035 0.020 
0.001 0.000 0.001 0.000 0.001 0.001 
1.203 0.490 1.153 0.353 1.086 0.340 
0.546 0.378 0.361 0.120 0.517 0.325 
0.043 0.009 0.052 0.007 0.052 0.015 
0.049 0.009 0.054 0.007 0.057 0.013 
0.002 0.001 0.003 0.001 0.003 0.001 
0.908 0.185 0.970 0.158 0.920 0.144 
0.091 0.021 0.076 0.017 0.096 0.022 
0.196 0.037 0.209 0.035 0.213 0.045 
0.084 0.013 0.106 0.024 1.105 0.045 
0.089 0.021 0.105 0.022 0.115 0.038 
0.008 0.003 0.011 0.006 0.013 0.009 
0.796 0.227 0.013 01158 0.911 0.223 
OVARY 
OL 
OW 
AGLXGW 
ROLOW 
TESTES 
ATL 
ATW 
PTL 
PTW 
AATLXATW 
RATLATW 
APTLXPTW 
RPTLPTW 
RATXXPT 
EGGS 
ELM 
EWM 
RELMEWM 
AELMXEWM 
0.042 0.005 
0.053 0.004 
0.002 0.000 
0.795 0.040 
0.082 0.002 
0.256 0.016 
0.092 0.009 
0.247 0.022 
0.021 0.002 
0.320 0.011 
0.022 0.001 
0.376 0.067 
0.934 0.104 
0.091 0.006 
0.062 0.002 
1.454 0.058 
0.057 0.001 
0.028 0.003 
0.028 0.003 
0.001 0.000 
0.014 0.084 
0.045 0.022 
0.126 0.027 
0.030 0.016 
0.115 0.053 
0.005 0.003 
0.406 0.288 
0.004 0.002 
0.276 0.279 
1.080 0.654 
0.041 0.002 
0.025 0.001 
1.620 0.007 
0.001 0.001 
* All measurements in mm 
0.013 0.032 0. 
0.015 0.034 0. 
0.000 0.001 0. 
0.468 0.889 0. 
0.013 0.068 0. 
0.040 0.167 0. 
0.023 0.075 0. 
0.050 0.160 0. 
0.001 0.012 0. 
0.210 0.422 0. 
0.002 0.013 0. 
0.714 0,465 0. 
0.751 0.991 0. 
0.000 0.084 0. 
0.000 0.055 0. 
0.000 1.529 0. 
0.000 0.005 0. 
0.030 0.019 
0.031 0.020 
0.001 0.001 
0.842 0.373 
0.053 0.040 
0.134 0.063 
0.049 0.040 
0.129 0.062 
0.008 0.009 
0.399 0.275 
0.008 0.009 
0.347 0.229 
0.947 0.395 
0.091 0.006 
0.061 0.006 
1.516 0.212 
0.005 0.001 
010 
009 
000 
251 
020 
052 
037 
051 
007 
187 
009 
205 
309 
004 
005 
136 
001 
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Table 36. Host induced variations in minimum based on type of host 
Variable Poikilotherms Homoiotherms 
Body length and width 
Oral sucker length and width 
Presence of an oral slit 
Acetabulum width 
Holdfast length and width 
Ovary position 
Anterior testis length 
and width 
Anterior testis cross 
sectional area 
Testes number 
Egg length and width 
Tegumental spines 
smaller 
smal1er 
common 
smal1er 
smaller 
variable 
smaller 
smal1er 
variable 
smaller 
modified 
larger 
larger 
uncommon 
larger 
larger 
stable 
larger 
larger 
stable 
larger 
normal 
133 
Table 37. Host induced variations of P. minimum based upon class of 
host. 
Variable Amphibia Reptilia Aves Mammalia 
Body size small smallest largest large 
Oral sucker size small smallest largest large 
Oral sucker type slit or 
normal 
normal normal normal 
Holdfast size large small largest large 
Ovary size large small largest large 
Anterior testis size smal 1 smal1 est largest large 
Posterior testis size small smallest largest large 
Posterior testis absent or 
present 
present present absent or 
present 
Vitelline distribution abnormal abnormal normal abnormal 
Egg size smal 1 smallest largest largest 
Eggs per worm few few many many 
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Table 38. Characteristics of K minimum demonstrating a high degree of 
host induced variation due to influences of the host class 
(value in host class determination) 
COMBINED CLASSES CLASS REPTILIA 
ACEINOL 
HL 
AHLXHW 
OL 
OW 
ROLOW 
ATW 
AATLXATW 
APTLXPTW 
ELM 
EWM 
RELMEWM 
PBL 
PBW 
APBLXPBW 
RPBLPBW 
DAA 
DPP 
ROSWAW 
AATLXATW 
ELM 
EWM 
AELMXEWM 
CLASS AMPHIBIA 
PBL 
DAA 
PTL 
ELM 
EWM 
AELMXEWM 
RELEWM 
CLASS AVES 
PBL 
PBW 
APBLXPBW 
HW 
RHLHW 
nu 
r i  A C C  M A M M A I  T A  riru'irinuixrn 
ATW 
RATLATW 
PTL 
Piw 
RPTLPTW 
RATXXPT 
ELM 
EWM 
RELMEWM 
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Table 39. Characters of P^. minimum demonstrating a distinct lack of 
host induced variation among various vertebrate hosts 
(greatest value in taxonomic determination of minimum) 
COMBINED CLASSES CLASS AVES 
RPBLPBW 
OSW 
AOSLXOSW 
ROSLOSW 
AL 
AALXAW 
ACEINDL 
ROSLAL 
ROSWAW 
ROSXXA 
RHLHW 
RATLATW 
CLASS AMPHIBIA 
RPBLPBW 
RDAADPP 
OSW 
ROSLOSW 
ROSLAL 
AW 
ROSXXA 
ACEINDW 
HL 
OL 
AOLXOW 
RATLATW 
PTW 
EWM 
RELMEWM 
OSW 
ROSLOSW 
ROLOW 
ATW 
PTW 
RATXXPT 
CLASS REPTILIA 
RDAADPP 
OSL 
ROSLOSW 
AL 
AW 
AALXAW 
D A I  A U  
ACEINDL 
ACEINDW 
HL 
HW 
AHLXHW 
OL 
ROLOW 
RATLATW 
RPTLPTW 
RATXXPT 
RELEWM 
CLASS MAMMALIA 
PBW 
APBLXPBW 
RPBLPBW 
DAA 
DPP 
OSL 
OSW 
AOSLXOSW 
ROSLOSW 
ROSWAW 
ROSXXA 
AL 
AW 
ACDINDW 
AALXAW 
HL 
OL 
ROLOW 
ATL 
PTL 
RPTLPTW 
EWM 
AELMXEWM 
RELEWM 
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Table 40. Characters of £. minimum demonstrating a high degree of 
host induced variation within various vertebrate hosts 
(poorest value in taxonomic determination) 
COMBINED CLASSES 
HL 
AHLXHW 
OL 
OW 
ROLOW 
ATL 
ATW 
AATLXATW 
PTW 
APTLXPTW 
RATXXPT 
ELM 
EWM 
AELMXEWM 
RELEWM 
CLASS REPTILIA 
PBW 
RPBLPBW 
DAA 
DPP 
AATLXATW 
AELMXEWM 
CLASS AVES 
APBLXPBW 
HW 
RHLHW 
CLASS MAMMALIA 
CLASS AMPHIBIA HW 
AHLXHW 
PBL RHLHW 
PBW OW 
APBLXPBW AOLXOW 
RPBLPBW PTW 
DAA APTLXPTV.' 
RDAADPP RATXXPT 
HL 
HW 
AL 
AW 
AALXAW 
RALAW 
OL 
LW 
AOLXOW 
PTL 
APTLXPTW 
AATLXATW 
ACEINDL 
ACEINDW 
ROSLAL 
ROSXXA 
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Table 41. Characters of P. minimum demonstratina a hiah decree of 
morphological variation under little or no influence of 
the host 
COMBINED CLASSES CLASS AVES CLASS MAMMALIA 
PBW RDAADPP PBL 
RPBLPBW OSLOSW PBW 
RDAADPP AOSLXOSW APBLXPBW 
OSW ROSLOSW RPBLPBW 
AOSLXOSW AL DAA 
ROSLOSW AW DPP 
AL AALXAW RDAADPP 
AW RALAW OSL 
AALXAW ACEINDL OSW 
RALAW ACEINDW AOSLXOSW 
ROSLAL ROSWAW AL 
ROSWAW ROSLAL AW 
ROSXXA ROSXXA AALXAW 
RHL HL RALAW 
HW AHLXHW ACEINDL 
ATW ROLOW ACEINDW 
RATLATW ATL HL 
PTW ATW HW 
RPTLPTW AATLXATW AHLXHW 
RATXXPT RATLATW RHLHW 
PTL OL 
PTW OW 
CLASS AMPHIBIA APTLXPTW AOLXOW 
RATXXPT ROSWAW 
DPP hL.M ROLOW 
OSW ËWM ATL 
AOSLXOSW AELMXEWM ELM 
ROSLAL RELMEWM 
ROSWAW 
HW 
AHLXHW CLASS REPTILIA 
ROLOW 
ATW OSL 
PTU ROSLOSW 
kwM AW 
RELMEWM RALAW 
ROSLAL 
OW 
ROLOW 
RATLATW 
PTL 
APTLXPTW 
RPTLPTW 
RATXXPT 
Table 42. Comparison of body and egg measurements of reported species of Posthodiplostomum with 
those reported in this study* 
Species of Body length Body width Egg length Egg width 
Posthodiplostomum Min. Max. Min. Max. Min. Max. Min. Max. 
P. australe (Dubois 1937) 0.766 1.150 - - 0.080 0.091 0.052 0.062 
p. bi-ellipticum (Dubois 1958) 1.190 1.230 0.530 0.560 0.078 0.078 0.056 0.056 
p. botauri (Vidyarthi 1938) 1.200 1.562 0.256 0.720 0.080 0.080 0.064 0.064 
p. boydae (Dubois 1969) 0.990 1.140 0.1120 0.180 0.097 0.097 0.058 0.058 
p. brevicaudatum (Nordmann 1832, 
Wisniewski 1958) 1.300 1.920 •>> _ 0.090 0.110 0.050 0.065 
p. cheni (Yang 1959) Odeninq 1962 1.269 1.735 0.268 0.454 - - - -
p. cuticola (V. Nordmann 1932) 
Dubois 1936 0.670 2.31 0.220 0.920 0.073 0.110 0.051 0.088 
p. grande (Diesing 1850) Dubois 1936 1.620 2.250 0.250 1.830 0.070 0.086 0.045 0.055 
p. grayi (Verma 1936) Dubois 1938 0.830 1.077 0.210 0.390 0.070 0.093 0.042 0.074 
p. huesingi Odeninq, 1962 1.080 2.600 0.300 1.600 0.073 0.110 0.051 0.088 
p. impraeputiatum (Dubois 1934) 
Dubois 1936 1.200 2.110 0.160 0.430 0.092 0.103 0.055 0.065 
p. larai (Refuerzo et Garcia 1937) 0.810 1.280 - - 0.070 0.081 0.053 0.074 
p. macrocotvle Dubois. 1937 0.890 1.200 0.200 0.290 0.077 0.089 0.050 0.057 
p. microsicya Dubois. 1936 1.200 1.990 0.190 0.290 0.060 0.072 0.038 0.045 
p_. mi lui Fotedar et Raina. 1965 - - - - - - - -
p. nanum Dubois, 1937 0.410 0.950 0.090 0.610 0.062 0.076 0.042 0.048 
p. oblongum Dubois, 1937 
^ opisthosilya Dubois, 19"9 
£-• Podicipitis (Yamaguti 1939) 
P. prosostomum (Dubois et Rausch) 
{Dubois 1952 comb, emend.) 
P. scardiniT (Shulman in Dubinin 
T95?r 
P. suni N. T. Lee, 1964 
P. minimum (MacCallum 1921) 
This study 
£. minimum (Amphibia) 
£. minimum (Reptilia) 
£. minimum (Aves) 
£• minimum (Mammalia) 
* All measurements in millimeters. 
0.300 
0.200 
0.450 
0.301 
0.160 
Mean 
0.269 
0.230 
0.288 
0.296 
0.540 
0.310 
0.500 
0.301 
0.600 
0.092 
0.090 
0.082 
0.073 
0.073 
Mean 
0.039 
0.025 
0.084 
0.085 
0.096 
0.093 
0.090 
0.073 
0.091 
0.057 
0.057 
0.052 
0.053 
0.048 
Mean 
0.028 
0.020 
0.058 
0.057 
0.070 
0.066 
0.058 
0.053 
0.064 
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APPENDIX B. PLATES 
PLATE I 
Figure 1. Diagram of adult P.. minimum from the gull (Larus arqentatus) 
depicting major organs undergoing morphological variation. 
A-acetabulum 
E-egg 
EO-esophagus 
F-forebody 
G-genital bursa 
H-holdfast organ 
HB-hindbody 
I-intestinal cecum 
0-oral sucker 
OV-ovary 
P-pharynx 
TA-anterior testis 
TP-posterior testis y-vitell aria 
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PLATE II 
Figure 2. Collecting areas of West Lake Okoboji for second inter­
mediate sunfish hosts (Lepomis gibbosus). 
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PLATE III 
Figures 3-10. Developmental sequence of the miracidium of P_. minimum 
(Figures 3-8 scalerl inch = .031 mm) 
Figure 3. 8 hours. 
Figure 4. 12 hours. 
Figure 5. 16 hours. 
Figure 6. 18 hours. Note eyespots of developing miracidium. 
Figure 7. 20 hours. 
Figure 8. 21-23 hours. Note empty egg and opened operculum. 
Figure 9. Miracidium (live) photographed with phase microscopy 
K# JL  ^  ^1 
nvuc uI I 
.025 nm) 
I1UUC   I a wcu dui i auc aitu cjrcapv ua . i c • i i — 
Figure 10. Miracidium fixed and stained. Photographed with 
light microscopy. (scale:l inch = .065 mm) 
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PLATE IV 
Figures 11-14. Metacercariae of 2- minimum infecting liver of the 
second intermediate fish host. 
Figure 11. Adult sunfish (Lepomis gibbosus) with lateral body 
wall showing heavy metacercarial infection. 
Figure 12. Anterior lobe of liver of sunfish infected with . 
metacercariae. 
Figure 13. Portion of liver lobe, fixed and cleared, showing 
large numbers of metacercariae. 
1 / 1  
• • ^  wii C I nr • W l  I l l W W V t W W I  W M  •  
liver. 
4 tr\ c i +1 # %.*"% m 
i n  * *  e  W W  y  » »  •  w  *  #  #  #  
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PLATE V 
Figures 15-18. Morphological variations of body shape of the adult 
2. minimum recovered from vertebrate hosts. Note 
variations in oral sucker and hindbody. All specimens 
72 hours old. (scalezl inch = .120 mm) 
Figure 15. Host:Bufo americanus. Note the well-developed 
acetabulum, reduced oral sucker and lack of hindbody. 
Figure 16. HostzAmbystoma tigrinum. Note lack of holdfast organ, 
reduced acetabulum, oral sucker and hindbody. 
Figure 17. HostzChrysemys pieta. Note lack of oral sucker, 
reduced bulb-like hindbody and elongate forebody. 
Figure 18. HostzDidelphis marsupial is. Note well-developed oral 
sucker, cupped forebody and slightly reduced hindbody. 
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PLATE VI 
Figures 19-22. Morphological variations of body shape of adult 
£. minimum recovered from vertebrate hosts. Note 
variations in oral sucker and hindbody. All specimens 
72 hours old. (scalezl inch = .120 mm) 
Figure 19. HostzFelis catus. Note large forebody, extruded 
genital bursa and well-developed holdfast organ. 
Figure 20. HostzLarus arqentatus. Note well-developed forebody 
and hindbody. 
Figure 21. HostzMeriones unguiculatus. Note reduced oral sucker, 
acetabulurr., holdfast organ and hindbody. 
Figure 22. HostzGal lus domesticus. Note reduction of forebody. 

PLATE VII 
Figures 23-35. Outline drawings of adult P_. minimum from amphibian 
(Figures 23-25), reptilian (Figures 26-27), avian 
(Figures 28-30 and 33), and mammalian (Figures 31-32 
and 34-35) hosts. Time of development 72 hours. 
Note morphological variations in body and testes shape. 
(scale:l inch = 0.1 mm) 
Figure 23. HostzAmbystoma tigrinum. 
Figure 24. HostzBufo americanus. 
Figure 25. HostzRana pipi ens. 
Figure 26. HostzThamnophis radix. 
Figure 27. HostzChrysemys pi eta. 
Figure 28. HostzLarus argentatus. 
Figure 29. HostzColumba livia. 
Figure 30. HostzZenaidura macroura. 
Figure 31. HostzMeriones unquiculatus. 
Figure 32. Host zDidslphis marsupial is. 
Figure 33. HostzArdea heriodias. 
Figure 34. HostzCanis familiaris. 
Figure 35. HostzFelis catus. 
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PLATE VIII 
Figures 36-41. Morphological variations of the oral sucker of 
2- minimum from various vertebrate hosts. Time of 
development 72 hours. (scale:l inch = .030 irni) 
Figure 36. HostzBufo americanus. Note the presence of an oral 
slit. 
Figure 37. HostzRana pipiens. Note the presence of an oral 
slit. 
Figures 38-39. Host:Iguana iguana. Note the infolding of the 
oral sucker. 
Figure 40. Host: Columba livia. Note the well-developed oral 
SI If ,av* UWIXWI a 
Figure 41. Host:Fells catus. Note the well-developed oral 
sucker. 
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PLATE IX 
Figures 42-47. Morphological variation of the oral sucker depicting 
the normally developed oral sucker and its reduction 
to an oral slit. Figures 42-47 correspond to Table 21 
on oral sucker variations. 
Figures 42-43. True oral sucker as shown as type 1 on Table 21. 
Figures 44-47. Oral slit shown as type 2 on Table 21. 
Figures 48-50. Morphological variation of vitelline distribution 
corresponding to Table 32 on vitelline distribution. 
Figure 48. Type 5 on Table 32. 
/I O A <*v M TaKTo *50 1  l y w i c  •  J  - r  v / n  
Figure 50. Type 1 on Table 32. 
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PLATE X 
Figures 51-56. Morphological variations of the acetabulum of adult 
2. minimum from a variety of vertebrate hosts. Time 
of development 72 hours. 
Figure 51. Host:Rana pipi ens. Note the loss of the base of the 
acetabulum and the reduction of sensory structures 
and tegumental spines, (scalerl inch = .018 mm) 
Figure 52. Host:Meriones unquiculatus. 
Figure 53-54. Host:Larus argentatus. Note the well-developed 
tegumental spines, sensory structures and muscular 
apical region, (scalerl inch = .018 mm) 
C-iniiv»o Mr>c+-• •,sca!e: ! men = .uio mm,' 
Figure 56. Host:Chrysemys pieta. Note the relationship of 
acetabulum to the forebody and holdfast organ, 
(scalerl inch = .055 mm) 
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PLATE XI 
Figures 57-62. Morphological variation of the holdfast 
(tribocytic organ) of adult P. minimyâ- All 
specimens 72 hours old. 
Figures 57-58. HostiFelis catus. Note large well-developed 
holdfast. 
Figures 59-60. Host:Chrysemys pi eta. Two views of the 
holdfast and acetabulum. Note the well-developed 
tegumental spination (Figure 60). 
Figure 61. Host:Canis familiaris. Note the effects of the 
underlying musculature on the shape of the 
hr\1 H'f a ct-
Figure 62. HostzMeriones unguiculatus. Note the contracted 
appearance of the holdfast. 
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PLATE XII 
Figures 63-58. Variations in position of ovary as depicted in 
Table 28. 
Figure 63 shown as 6 in Table 28. 
Figure 64 shown as 1 in Table 28. 
Figure 65 shown as 4 in Table 28. 
Figure 66 shown as 2 in Table 28. 
67 S hewn as 5 i n Table 28. 
Figure 68 shown as 3 in Table 28. 
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PLATE XIII 
Figures 69-76. 
Figure 69. 
Figure 70. 
Figure 71. 
Figure 72. 
Figure 73. 
Figure 74. 
Figure 75. 
Figure 76. 
Morphological modifications of the tegument of 
P^. minimum due to influences of various vertebrate 
hosts. Figures 69-72 from area lateral to and 
between the acetabulum and holdfast. Figures 73-76 
from an area of the dorsal hindbody. (x = 30,000) 
Host:Ambystoma tigrinum. Note the complex nature of 
the tegumental spines and surrounding tegumental 
surface. 
Host:Meriones unquiculatus. Note similarity to 
Figure 69 with some loss of complexity of tegumental 
spines and surface. 
Host:Chrysemys picta. Note that tegumental spines 
tegument by a net-like or web-like process. 
Host:Iguana iguana. Note the reduction of 
tegumental spine serrations and surface tegument. 
HostzChrysemys picta. 
HostzBufo americanus. 
HostzRana pipiens. 
HostzAmbystoma tigrinum. 
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